- 


eretineAstemesehatater are 


a aT a. Por he han aie 
OCT tre E 8 onary oe 


+ 
Pe Gee ee eee 
‘ ORFF ot OP OF OO OT Cree 


etaheda cases net eee arr were ae 
pate poe dpe 


ste Pats PPT Se PTs SENT Fy £9 OF Oe 


Thee Sh bret Ob peek Hoey 


OPE ©) OF OF Oh od OF OF ore een bhepeRehbeahdnarat ett hdnetohahel oe he 
Le bedaPehn bed » beh hhanta Labbbnasseabananle st. SANE tare ye +4 88 oh ee ey ee 


Seed $608 at oe eh ote. 


pheaae M@hPese*shel.as het ee ee 


ahs pam. ees Fk rte Lot big 22 Od O90) trek ob oF 88 6999 wre ¢ 


Mn ba he ae ha ha katate Reha en eee hehe haded 


P-dh aha Paheatabatahes ss un aden dhahan | tht pe hehame hes shee ele make 
PT PE TE OP OSG rte © oy 15) 608 FONh 6k when 66 HS 1 Abe PUTT OT IT OF EHO, oa oe 


ere > oe eee 


$00 GT OF ae oe . 
FORO de ee Fe PETES Pier eee Ete EE Te SD 


Ot CFE oe! Crary. «) Geere 
pidienh edie ok tee. | 


SAG emma 


Pfreted <) +4 0) 6) sere Slered + 
bern mad ies hone ok) 

<F erpey term, 

lt ies Meet ee) 

Fev et et sege, 

ove (68 tees 


PTE HH Fs OOP OF wegy 

b etetwtbehat mes. iL. tl. 
00 $99 +4 #4 trek 4c eh ol <4 oo fy oe 
twre ¥ OF OF OR ore eres, 
Mh thetnen ht hn had 
PPCP 46 cdg} 0)6+0%. 
- SVE esa ge <8 63.06 yi 
S?-O* BP-6b 04 oP eee, 
60 FETS eo dw fe ek oi 
wl Ot LP OF Bs ere ‘ 
8 Oe OF C8 OF 65 os gre al 

OS or Sy gr Sh or OF HOF, 8 oh 

SEEN Se od FEFE HE PEP eee, 
; Lah ddecsSaretecs ay - 
ase. SOP Pewee oe eM 
‘ oh-t> Pe oh4+ 8 v4 ede oS 


Lat etn ees hhh. ke. esl 


HaKencssagEs, 


Satttiate bebe: ee 


f Pree 


aedaaeglh ete et et ee tts yee eRe oe 


ZREVOT OT TTT eT 


el etehehal st?! “" ¢ 7. i 4 > #4 
Se Sa 8 5 eSikarsese ta : as : oes aa es 
'tehbale ee ers r r. i ; " a! 
pel eee’ ey ped ° t 5 7 . .y 

8? #094 gy. . . ’ | 44 . : 
oe Meitethtenaaat ota, ; ot a er - . 
“eRe at ee hl ae at ake’ . P +h - 


Stree eia “ oS a 
ete hesnat sore se1 So*e eee sees Fe Se Skee ee? 
‘* ehasn tat! Fee Oh PSs 040 FE fr +e = 
perl ies SA Sl abe» rh fsa cia rere 
cas poberreress: st scsi) 
"bt eKetateepee! $334 * ssa 
: * a et bs 
RS Asresoiet asterbears 
rOrprectadedeetery At . ” 
Kee 4 sreesrtepit Sie, 
#0 6) ote ree 


> _ 
. 5 48 > So M > 
+ fiiin kas Sl aeNh tite better’ rastssehs 3 
Kates satel st Sten osss slot abos sights trek c LS sithersns 
pe ke, fre Phot teehee bask catp pe gees fees on Phe 2) TT 
et on > toate Neha & 5 e808 t\erped heey 
t eee ys ihe bad aoe, 4 Oat ed nee. et ores 4 
. $oetae 


‘ 3053-39 ee ttte ts rt 
> a ee -* % 
Sub apabahonieee eres yoy 0544 TE tee at ete te to 
OVE EE SS aE 8 468 a bhi teweg) 68 o> . 
FT OFSe PETSe $4 98. 6 68-4 NOE thos 04d ¥ bar aben ora" + +72 
ey be nekann he bes: rrr 4 
7 . oe SUPT Prey et errr 
ee tree hersed ee.. : yt : ey 
: bebsesttt ates sh ste % . atrte riatetitetes Pc; ete! 
he As 4 : 
: sersett ; fasetes ere 4 
ti9e paPhed da. Hae ’ SiS te7 seers 


¥ 


eeet ss gay 
PETS! FES se ot PEG Hy Oe 
+5 4 © bene } ¥ 
re ie peae re sres sae 
+ 


Seatsiiais ¥ opts 
#Pt - tee by 7 ata | terete # 


A. f wt ’ S45 Otes seen 3 cy 
POR ate 44 5! : pre A eae phat 
Pitre Met re 


7 a Sae> 


.? 
S34 ty +) sm aptethis Gernre ee’) st tt it tis tests ie 


_ 
as 


‘Metabehabehetem tol ak ees wetrerer Neha rar a! 


CNY 8s Wher Oe heres cre Se eres 28 


a 


Seeeeeee st ieuest: > 


<4 o4 tage 
. «$s ‘: . re 3 oes teenies - 
Hike prettatabetbteseisestey phe tote there s isthe pattth 
ube hae ba Sook s ty ieieertee ste 
— ie =i 


OF OF OT LRP EE FF UP oF 0-494 er EPSP Ue eo OF SEER  ahetatade haan? aha 


a Oe OF 68 Te Or Oe er ee 
oe ann h ata Nate Merete 
cose wen ee eae te Or ORs 
on » Feet 


on sett Hoey Wy 


Ene wreme ter lope-ot 2 
hed 


Pees Nada tee OE Ome By 
Ay 42-06 29-46 toe 44 Oa be ghatads Pataty 
wre . bat ah a Pata 


ey 9 Fe Phe OOF OR SD r 


(Pv or eee, 
+o ae FE we tee 
5 Hornet eee Heh erers OP Sr el er we te ered 
in eee te hi PRD tome hey 


oetaite <lertre® a tatetete Petit 
Sens 
++ oar 1h #8 se : i 


viskeh peers Pemehes SUSANNE 
a hde ht fata bade eltahesiaran 2 


baa ob hb Soe dha bate teed on aban he beeen batetntd eae bk es 


ROR ELES OO 68 Fy 


ehetehehehcathutetahbettreest hy. tt 


SO ORNS 68) ERT Or wee tere EF WNe ETTe eo“ oo oe oe 2) eee 


eT Per, 
oe ee 

» Ferre) oF 

he eee re 

ei eee) or 

He wne 


ee erete 


po etetel. takuh.’ 


a 
© 490-50 5b By ca oe 
7+ Mane an +edu 


: . 
++ $4900) & aboot eer gy 


>a? Seer eee «eee 


Mebesatatatatetses 

AO +h oR hw 9-19 48 OR 

ot oY 8 ee eh tp). <6 +P oe 

OOS OF FO PROF MD oF HP % ae veer ay 

CF 0 OF O09 F ye Er Oy Rept tete 5 we he ee 
adh Le a Le ENS Bata ha? bs 9) YS 
tH) Hetty 
r ee) (et ee ee 7 


a 
oe FE Se ee 
On 479 Mate" SEPT ST SE Se Pe eee Ne 
a te haan ae 


areks emehatiteratst tne ae Pemes 


oP TT Pad ee er er 
aaa ted 
Perse ers sr-et 
PP Fe 4 Cen 


Lae! 


7 72y Pereee 


hh Aceh griertensane tes, ts 


* Paes. oe 


Saat es 


ee! tise Detededs: 


ete 


. 604 
eatia aia 


Siteateten TPer s+ “hve se cee 
. si vrerese se here 5 es > i 
Fas srreraiefa teases Seshotnes tt thes otesbere? 
eee barat e tenets tessees STE cesar 


een ehy es 
- choses +eeer’ 
’ * St ertrs tith > 
><) Feel st Paprale 
af asttstees setae ve 
” Sree Seal OT FT eet eee 
- sSrgriti terse) he nd 40g 92 om 
tigsthistcs tadetty aes 
: rit : 4, 
asi : sti ssaigse ay . 
: : herar 
a he beee! +e a weet e! ist sabe. a: 
SHOP oe Seb ebotetal bos si Pes, chse hee 


+++ Sei Fee > ip Ion Pe ee 
t SR Reed 54 cae ree et 


q 4 +e Pe beat fa ee? 
* Tilet ses stakes. or ee 
it steosbeeelsivie titidbecs at, 
ss asetere peerage Pe retetersr cher, 
+ 


yee fe oO ThOe 
ate ytreri a Ste UP) 


eee | 


4 are te 


MW Pre cereenrvegrs: eres sa Phe 


sees 
‘te dete ee” 


ree 


wath 
tight et ehes shies! 
tnt eke. 
al Oye lee a 
iat 
bd cy 
tay 


are 4h¢ 44 CL OR Peer 
Shitsesy te lee 


PESEOS SY te 4 bey TREE Sere 


Ft WH OW Wer Sr Phere. 


Fa carte C2 0e et 18 gy fe Reet ee ee oe oe oe hee ha ea 


+e Pa sewt er ey te Fo) on oh Oe OR eee ee 
a0 Oe hee Sousee ek is + 9 ee ee VF Oe Ores 
PEPE Ss reo -es ot 65 3 6) 06 0s Bee sO 
ok vob 4 45 oy dv Pe tee te te ente teeee 
Tifts eee ete a gts pte 4% 
PS F9 Pe se TAS oper U9 +4 8y 48 4p ae we Sete 
phe a anheterceohen a ein kee! rw Bey 
+i $4 4h eh ad 
eh ee “oe 
tote sate hy tees 
a oe ehade ta) +? 0s @ geet > 
Perens ame hey eheiebaks sp 
Pons? 415? Frnt oy oly) Fe) 


rere? hi ee 


4 
: 
+ : 
Ore? Fh eh o> oh 9% Oe FEMS 
SSA ST mathe ne! 


po Pertes rage, of 
. ‘e $4597) pi sae? 
. CUM Stet es 


. 7 PETA ar ale ; 
baie eto tehere eae SS iPtst see ees 
phe DER es “<9 $33 ie) 
‘ $ 
LS LAS bigrs 96: oaths 8 
veg eo} 
tate 
Patercctin teeth atthe. per 
— ys votes =r ets 
FULT He bb eee RE Aer sa.) 
SAP ee rates 495 200) 44 
Oe rit te ete neh pe 
PUP er be eter ed 
Net ape@at. th so) 


FU he rere Paha 
Loess cesses O58 4 





#* Seer 


scp eore 
SPS sepa dt Oba se pat 


bad - I 
Pet hohe te . 








Ri AD lA et Ra tl ne 


















*acr 
yee ey 
Gees, 
tees 
heb ee | 
tore oy) 
ort ee 
" oe +54 @ 
oitiee 
AG amr eee 
eee fe he, 
st, eat 
on oe es 
ie | he ae 
ad ead tee 
<* hae 
*y bel 
~~ inion 
* 
aes 
+» 
. 
- 





TEXTILE 
RESEARCH 
JOURNAL 


Editor: Richard K. Toner 


Production Editor: Candida Frenking 


Advisory Board 


Herbert J. Ball 

Earl E. Berkley 
John Boulton 

C. H. Fisher 

Walter J. Hamburger 
Milton Harris 

R. M. Hoffman 
Harold P. Lundgren 
Herman Mark 
Edward R. Schwarz 
George Switlyk 


Helmut Zahn 


Textme ResEARCH JouRNAL, published monthly 
at Prince and Lemon Streets, Lancaster, Pa., 
is devoted to the interest of research in textile 
and allied industries. It is published by Tex- 
tile Research Institute. 


Manuscripts and communications should be sent to 
the Publications Department, P.O. Box 625, 
Princeton, N. J. 


Second-class postage paid at Lancaster, Pa. 


Subscription rates: $25.00 per year; additional for 
postage, 50 cents to Canada, $1.00 to all other 
countries. Single copies, $2.50 each. 


Contents copyrighted © 1959 by Textile Research 
Institute Advertising rates supplied on request. 


VOL. XXIX 


May 1959 


IN THIS ISSUE 


The Crimp of Alkali Treated Jute Fibers. Menachem Lewin, 
Miriam Shiloh, and Joseph Banbaji 


The Action of Copper Ammines on Wool. C. S. Whewell, 
J. Ashworth, V. R. Srinivassan, and A. G. P. Vassiliadis 


Accessibility of Various Cellulose Preparations from Jute. 


Dilip Kumar Roy Choudhury 


The Effect of a Surface Barrier on Uptake Rates of Dye into 
Wool Fibers. J. A. Medley and M. W. Andrews 


Stress—Relaxation and Permanent Set in Keratin Fibers. 
F, Feughelman and T. W’. Mitchell 


The Silver Staining Method for Cross Sections of Regener- 
ated Cellulose Fibers. Koichi Kato 


The Influence of High Energy Radiation on Cotton. Huo- 
Ping Pan, B. E. Proctor, S. A. Goldblith, H. M. 
Morgan, and R. Z. Naar 


Part I: The Properties of Raw Cotton Sliver Lap, Yarn, 
and Fabric Irradiated Under Various Conditions 

Part II: Effects on Chemical Modification 

Part III: 2-Thiobarbituric Acid Test for Degradation. 
Huo-Ping Pan, B. E. Proctor, and S. A. Goldblith ... 


Studies of the Movement of Wool Fibers in Fabrics During 
Felting, With Particular Reference to the Permanency 
of Pleats. K. Rachel Makinson 


Part I: Light Felting and its Effect on Pleats in a 
Worsted Fabric 


Part Il: Heavier Felting in a Worsted Fabric 
Effects of Roller Ginning and Saw Ginning on Pima S-1 Cot- 


ton. John J. Brown, Nathaniel A. Howell, and George 
F.MEN IIs 6 45.6 oa Soin vos eas eo ese eRe 


LETTER TO THE EDITOR 


X-Ray Diffraction Patterns of Cotton At and Between Re- 
versals. H. Wakeham, T. Radhakrishnan, and G. S. 
Viswanathan 


REPRINT REQUESTS SHOULD BE DIRECTED TO THE AUTHORS 
SEE ARTICLES FOR ADDRESSES 





NUMBER 5 


TEXTILE RESEARCH JOURNAL 


PRINCETON, NEW JERSEY 


PUBLISHED BY 
TEXTILE RESEARCH INSTITUTE 


May 15, 1959 


Dear Readers: 


It may be appropriate for a new editor to take this oppor- 
tunity to greet the readers of TEXTILE RESEARCH JOURNAL as he 
assumes office. I should like first of all to pay tribute to my 
predecessor, Mr. Julian S. Jacobs, whose efforts have guided the 
JOURNAL to its present state of excellence. It is my intention 
to adhere to the established policies which he found so effective. 


Perhaps the purpose of this publication should be restated. 
TEXTILE RESEARCH JOURNAL is intended as a primary reference source 
for research information of a permanent nature related to textile 
materials, products, and processes. There are four types of 
papers which we solicit: (1) those based on fundamental research 
studies; (2) those reporting studies of more immediate relevance 
to textile processing, but still of general scientific interest; 

(3) review papers which organize related information from sources 
not readily available to the ordinary reader; and (4) letters which 
amplify material previously published or present research data 

in a preliminary fashion. Authors not familiar with the manuscript 
requirements of the JOURNAL are invited to correspond with the 
editor prior to submitting papers for consideration. 


No one person is competent to assess the merits of all 
papers submitted for publication. Consequently, a highly qualified 
Board of Reviewers assists the editor in critically examining all 
manuscripts. No technical manuscript is accepted for publication 
without independent review. Letters to the editor are customarily 
not reviewed, but comments made on a previously published article 


will be referred to the original authors for examination and 
possible reply. 


In the final analysis, the success of any periodical depends 
upon how well it meets the demands of its readers, and the staff 
of the JOURNAL is always happy to receive your comments and sugges- 
tions. We also hope our readers will consider the JOURNAL when they 
have research results of their own to share with their colleagues. 


Pn So, 
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The Crimp of Alkali Treated Jute Fibers 


Menachem Lewin, Miriam Shiloh, and Joseph Banbaji 
Institute for Fibers and Forest Products Research, Jerusalem, Israel 


Abstract 


An investigation of the formation of crimp on jute fibers by the action of alkali is 
presented. Jute fiber-like strands are treated with various concentrations of NaOH 
under various conditions of temperature and time. As the result of the treatment, 
The measurements of crimp are 
carried out by a method developed by this Institute for single fibers which is adapted 
to the jute. The crimp diameter, the crimp ratio, the extension, and the wave number 
are quantitatively determined for the various jute samples as a function of the load 
applied to the fiber. An uncrimping energy of extension which sums up the extension 
over the range of loads used is measured. No crimp is formed at NaOH concentrations 


crimp is formed on some of the samples prepared. 


lower than 6%. 


after 0.5 hr. of treatment. 
is around 2° C., 
decrease, and at 40° C. 


Introduction 


Some attention has been paid in the past to the 
systematic study of the mechanical properties of 
Testing termed 


techniques for what are 


“standard jute bundles’”’ 


jute. 
are provided for testing 
fineness, flexibility, extension at break, and related 
properties in the same manner as the techniques for 
testing single fibers of filamentous material. 

A discussion of the mechanical properties of jute 
“fibers’’ and yarns, including experimental data, 
was presented by Sen [11]. Roy [9] and others 
[6, 8, 11 ] investigated the mechanical properties of 
jute such as tensile strength, extension at break, 


At higher concentrations the crimp parameters increase to maximum 
values at 9% alkali, and thereafter decrease to constant levels. 


The crimp is formed 


The optimum temperature for the formation of the crimp 
With increase in temperatures the values of the crimp parameters 
no crimp is observed. 


and Young’s modulus for fiber bundles with various 
deniers. 

The chemical composition of the jute fibers de- 
termines toa great extent their mechanical behavior. 
Studies of the influence of various chemical treat- 
ments on the properties of jute make it possible to 
investigate the nature of the components of the jute 
fibers and to gain some insight into the arrange- 
ment of the principal components within the fibers 
and their respective contribution to the mechanical 
A study of the 
effect of such a chemical treatment on the physical, 


properties and performance in use. 


geometrical, and mechanical properties of the fibers 
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may be important from the technological viewpoint 
and may result in practical applications. 

A detailed critical survey on the interrelationship 
between some chemical components of the jute 
fibers constituting the middle-lamella and _ their 
physical, physicochemical, and chemical properties 
has been published recently [5 ]. 

Relatively much attention has been recently paid 
to the effect of alkaline treatments on jute. Mac- 
Millan [6] investigated the loss in weight suffered 
by the jute fibers and the decrease in the tensile 
strength after various alkaline treatment of jute 
yarns and fibers. Roy reported on the change in 
the tenacity, extension at break, and shrinkage of 
the jute fiber bundles due to treatment with alkali 
of various concentrations. 

Roy [10] observed that ‘‘treatment with strong 
alkali imparts wool-like appearance to jute, pro- 
ducing crimps in the fiber. Another perceptible 
change is that the mesh structure of jute strands is 
almost destroyed on treatment with strong alkali 
and the fibers become appreciably finer as a result 
of splitting.’’ The formation of crimp is explained 
by Roy to be due to the coiling of the molecular 
chains within the fiber. 


Fig. 1. The fastening and rotating frame. A—Cogwheels 
used for simultaneous rotation of the jaws. B—Motor or 
handle connection. C—Screws on the stage tables. D 
Plates which can be pushed with the aid of the screws (C) to 
bring each fiber end into center. E—Small rods. F—Springs. 
G—Fastening jaws mounted on the stage tables passing 
through bearings in the frame which may be opened when 
pressing on the levers (H); the fiber may be then inserted. 
H—Levers. 
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MacMillan et al. [2] observed that by the action 
of concentrated alkali the color of the jute fiber is 
changed ‘‘to brown and the material undergoes a 
profound lateral swelling along with a considerable 
shrinkage in length, in consequence of which the 
sample becomes highly softened and assumes a 
characteristic curly appearance.” 

The curly appearance of the fibers becomes, ac- 
cording to MacMillan et al., ‘“‘less pronounced with 
the rise in temperature or decrease in alkali concen- 
tration.’”” The considerable reduction in tensile 
strength of yarns on treatment with concentrated 
sodium hydroxide at room temperature is attributed 
by these authors to the derangement of the fibers 
in the yarns caused by the swelling and crimping 
and evidenced by the significant increase of the 
diameter of the yarn. The number of fibers in a 
unit of cross section of the yarn sharing an applied 
load decreases because of alkaline treatment and 
the yarn strength is necessarily reduced. 

It is interesting to note that Roy [10] observed 
an abrupt rise in extension at break when increasing 
the concentration of alkali above 9%. The exten- 
sions measured by Roy never exceeded 4%. It was 
already suggested in a previous communication [5 ] 
that since the rise in extension at break occurs at 
similar alkali concentrations in which the formation 
of crimp was observed, this rise might be caused by 
the crimp rather than by a change in elastic be- 
havior of the fiber. 

It should be pointed out that the values reported 
by Roy [10] on the extension are not conclusive, 
since he does not state in which way the fibers were 
“straightened”’ before measuring the extension on 
the unstretched fibers. 

It is the purpose of the present work to investi- 
gate in a quantitative way the phenomenon of the 
formation of crimp on jute and to establish the 
influence of several conditions of treatment on the 


extent of the crimp. This is accomplished by using 


a modified method of measuring crimp in single 
fibers which is applied to jute fiber-like strands. 


Method of Measurement and Apparatus 


The crimp of textile fibers is a highly desirable 
factor, and crimping methods were developed and 
used to impart crimp to synthetic fibers, thus im- 
proving processing and quality of products. How- 
ever, crimp cannot be easily defined or subjected 
to simple and direct measurements. The fiber’s 
“shape”’ is liable to be deformed with the applica- 
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tion of loads, so that the fiber has to be kept in a 
certain well-defined position. Also, the crimp of 
most fibers has a very irregular appearance. 

In a previous publication [1], a method of de- 
fining and measuring crimp which takes these types 
of difficulties into account is proposed. The lack 
of regularity of crimp is accounted for by using 
statistical averages, called ‘‘effective’’ characteris- 
tics of the geometrical shape of the fiber. These 
characteristics were measured when the fiber was 
suspended in a fastening and rotating frame while 
being rotated and stretched by a given load applied 
to its lower end. At least two parameters were 
found to be necessary to describe the crimp, one 
giving a measure of the amplitude or ‘‘depth”’ of 
crimp and a second describing the number of crimps 
per unit length. The first is defined as the effective 
crimp diameter (D), which is given as 


{| N 
D= {¥(2r)*/N (1) 
i=1 
where 2r; are the width values and JN is the number 
of measurements taken. 
The second parameter was defined as the effective 
wave number (m), which is evaluated with the aid 
of the crimp ratio (C) given below: 


ty —= id ow lw) L (2) 


where L is the length of the stretched fiber and /,, is 
the distance between the fiber ends when a load w 
is applied to it. The wave number 7 is given either 
by Equation 3a or by Equation 3b, according to 
the model used for its calculation: 

Helix model: 


= VC(2 — C)/xD (3a) 


Sine model: 


n, = (k/E(k))/2V2D (3b) 


The wave numbers m given in the present paper 
were calculated by using the helix model only. 

The same experimental procedure is used to 
measure the extension e of the fiber caused by 
successive application of loads as well as the values 
of the extension at break of the fibers. 

The values of the extension which are generally 
used in the literature correspond to the relative 
extension of the fiber with an initial length (Jo) 
which is extended to a length of /,, by the applica- 
tion of a load to the fiber. In the case of crimped 
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fibers, however, an initial length cannot be easily 
measured or determined. Previously [3, 4, 7] the 
initial length of the fiber was defined according to 
the ‘‘point of zero extension”’ obtained by the inter- 
section of the prolonged Hookean slope line with 
the abscissa. The Hookean slope which is usually 
measured in the case of wool fibers is not easily 
obtained in the case of stress-strain measurements 
of jute fibers, as is shown later. For this reason 
the extension of the crimped jute could not be 
measured in the same manner as the one used for 
wool fibers. 

In the present work a load of 10 mg. was attached 
to each jute fiber; no crimp measurements could be 
taken at smaller loads, and no smaller initial fiber 
length was measured. Therefore the term ‘“‘exten- 
sion’’ used in this paper corresponds to the arbitrary 
definition of the relative extension of the length of 
the fiber from /1 to 1, 


e= 


(lw — hio)/ho (4) 


The values of the extension and of the crimp ratio 
are interrelated. Whereas the crimp ratio serves 
only for the calculations of the effective wave num- 
bers which are important for the representation of 
the geometrical shape of crimped fibers, the exten- 
sion may serve as a characteristic figure describing 
the dynamic behavior of the crimped jute samples. 
The relation between e and C is 


Cc = (1 = lio L) —_ elo L (5) 


The apparatus used for this method of measure- 
ments consisted of a fastening and rotating device 
and a projection system and was described previ- 
ously [1]. In the present measurements an im- 
proved version of this above apparatus was used; 
it is shown in Figures 1 and 2. 


Experimental 


Fiber bundles 20 cm. long were cut from the 
middle of a lot of Pakistan raw jute. About 500 g. 
was extracted in a soxhlet apparatus with alcohol- 
benzene (3:1) for 24hr. After being rinsed several 
times the jute was dried in an air-conditioned room 
(70% RH, 20°C.) for 48 hr. Thereafter the bundles 
were carefully brushed with a soft hair brush to 
remove straw and tow until parallel and clean 
bundles were obtained. These were later cut to 
10-cm. length and assembled with a jute thread 
into samples of 10 g. each. 
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Preliminary experiments were carried out in order 
to observe qualitatively the appearance of crimp 
The 


actual conditions of treatment which were carried 


and to find the conditions for its formation. 


out later on the jute samples were selected according 
to the results of the preliminary experiments. 

A series of solutions of NaOH of various concen- 
trations was prepared. ‘The jute samples were im- 
mersed in the unstretched state in the alkali solu- 
tions at a liquor ratio of 30:1 at various tempera- 


tures and for varying periods of time. The crimp 


TABLE I. Conditions of Treatment and 
Designation of Samples 


NaOH 
concen- lempera- 

Designation tration, ture, lime, 
of samples k, % =. hr. 


Ok 
5k 
7k 
9k 
12.5k 
17.5k’ 
24k 
0.5t 
2t 
ot 
51 
201 
401 


2 
2 
2 
2 
2 
2 
2 
2 
2 
5 


20 


Fig. 2. 


The apparatus for measuring crimp. 
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was measured on the samples prepared in a part of 
the experiments performed. The conditions of the 
experiments and the designation of the samples 
tested are presented in Table I. Figure 3 shows 
the effect of the alkali treatment on the jute. 

After the alkaline treatment the jute samples 
were separated into single fiber strands, hereinafter 
called fibers, which were subjected to crimp meas- 
urements. 

Because of the high variability of the diameter 
of the fiber it was impossible to choose for the 
measurements fibers with the same diameter from 
each sample. The fibers were therefore selected at 
random; after the crimp was determined, their 
diameters were measured on a projection micro- 
scope. It was later examined whether a relation- 
ship between the crimp and the fiber diameter 
exists (see Appendix). 

All the measurements were taken in a controlled 
air-conditioned room at 70% RH and 20° C.; this 
is especially important as jute is a hygroscopic fiber 
and all its physical properties are influenced by 
changes in humidity. 

A number of fibers was taken from each sample 
atrandom. To each fiber subjected to test a small 
hook of 10 mg. was carefully attached. The fiber 
was then mounted in the jaws of the apparatus. 

The length of the fiber was measured and the 
value of D was calculated when the fiber was rotated 
in the apparatus. Additional loads were then ap- 
plied to the hook and further measurements were 
taken. 


age of the fiber and the extension at break recorded. 


Finally the load was increased up to break- 


The fiber was then put on the stage of a projection 
microscope and its diameter was determined by 
successive measurements along its length. 

On discussing the distribution of the diameter of 
the fiber within a jute sample, Sen [11] reports ‘a 
wide spread. This was also observed in the present 
work. After the alkaline treatment, splitting of the 
mesh structure occurs, and the distribution of the 
diameter is altered along with increase in varia- 
bility. 


samples was found to decrease with the increase in 


Although the mean fiber diameter of the 


the concentration of the alkali used in the treat- 
ment, this fact was not sufficiently pronounced to 
be taken as significant. 

In order to eliminate the influence of time of 
loading of the fibers, the loads were applied at con- 


stant time intervals. 
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Results and Discussion 
Determination of the Crimp of a Jute Sample 


In a previous work [12 ] on the measurements of 
crimp of wool fibers it was found that D varies with 
the fiber diameter. A characteristic relationship 
between D and the fiber diameter was indicated for 
each type of wool fiber tested. 

It was assumed that in the case of jute some 
dependence of the crimp properties on the fiber 
diameter might also exist. If such a relationship 
were established, the crimp values of the jute would 
have to be corrected by calculating them for an 
accepted value of the fiber diameter common to all 
samples investigated ; this would enable one to com- 
pare the crimp of the differently treated samples. 

The dependence of the crimp parameters on the 
fiber diameter was checked for all samples investi- 
gated (see Appendix). 

Although some relationship was found to exist 
between the crimp parameters and the diameter, it 
seemed inadvisable to use it for the comparison of 
the crimp parameters among the different samples, 
considering the high variability of the diameters 
measured. The hardly significant relationship as 
well as the wide spread of the fiber diameter values 


led to the conclusion of overlooking the dependence 


of the crimp parameters on the diameters and to 
the selection of the mean values of each sample as 
representing the crimp of the sample. 

In order to find the number of fibers representing 
a sample it is necessary to determine the variation 
of the two parameters D and n measured within the 
sample. This determination is given here for sample 
12.5k. For the estimation of the variability of the 
parameters, sets of different numbers of fibers were 
selected for the tests. The standard errors (s) of 
D and n were calculated for each set, and the dis- 
tribution of the measured parameters is described 


in Table II. 


TABLE II. The Variability of D and n Within 


the Sample 12.5k 


Number of fibers 
10 15 20 30 40 50 


D (mm.) 1.63 
oD 0.82 
Sp 0.26 
n (mm.~') 0.097 
on, 0.051 
Sn 0.016 


1.62 
0.66 
0.17 
0.096 
0.043 
0.011 


1.64 
0.58 
0.13 
0.096 
0.031 
0.007 


1.61 
0.55 
0.10 
0.099 
0.038 
0.007 


1.60 
0.57 
0.09 
0.098 
0.038 
0.006 


1.56 
0.55 
0.08 
0.097 
0.035 
0.005 


ae 
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In the case of the measurements of the crimp of 
wool fibers [1, 12], the distribution of D was found 
to approach normality. This is also apparent in 
the present case of jute fibers. As is shown in 
Table II, the variation of D and nm approach a 
standard value when the number of fibers tested is 
increased. Table II] shows the mean values of D 
and n with their respective standard deviations (¢) 
and standard errors (s) for the successive groups 
of fibers. 

The variation of D and n was found to be about 
the same within the other samples tested. The 
measurements show that no apparent change in the 
standard deviation is obtained when the number of 
fibers tested is increased beyond 20 and that the 
variation is more or less constant for greater test. 
It therefore seems that a small set of about 20 fibers 


b 


Fig. 3. The effect of alkali on jute. a 


b—treated 


Nontreated : 
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taken from the same sample will be sufficient to 
estimate the average D and n of the sample with a 
satisfactory degree of reliability and that at least 
20 fibers should be chosen in order to represent a 
sample. With a set of this size it can be deter- 
mined whether the mean D and n values of a sample 
deviate significantly from the mean values of the 
other samples (see Results—Table V). It is inter- 
esting to note that Sen [11] found that measure- 
ments on a set of 20 fibers at least was also neces- 
sary in order to obtain a steady mass per unit length 
of a jute fiber. 


The Dependence of the Crimp Parameters on the Fiber 
Load 


The application of increasing loads on crimped 
fibers gradually changes the shape of the crimp 
until it finally disappears and the fiber is virtually 
straight. Additional loading stretches the fiber 
further until it breaks. It is apparent that the 
“uncrimping”’ is a part of the stress-strain per- 
formance of the fiber and that it occurs at low 
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Fig. 5. Dependence of n on log w. 
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stresses. In order to investigate the treated jute 
fibers in the uncrimping region, they were tested for 
the action of small loads which were applied to 
them, and the two parameters D and n were meas- 
ured as a function of the load. 

Because of the high variability of the diameter 
along each fiber, no value of stress was taken; the 
crimp parameters were compared at constant loads 
instead of the commonly accepted method of using 
constant stresses for the purpose of the intersample 
comparison. 

The results of the measurements of the depend- 
ence of D on the load are given for samples 9k, 
12.5k, and 17.5k (see Figure 4). The loads applied 
were 10, 30, 60, 150, 300, and 2000 mg. At the 
load of 2000 mg. the crimp almost disappears in 
most cases, D approaches zero, and the measure- 
ments of D become less precise. 

The recorded values of D for each sample are the 
mean values of 50 fibers. It is evident from Fig- 
ure 4 that the dependence of D on the load is well 
fitted to the relationship: 


D=alogw+b (6) 


in which a and b are constants, as shown by the 
regression coefficients and the straight lines in the 
figure. 

The above logarithmic relationship is valid in the 
region of loads of 10-2000 mg. applied to the fiber. 
The values of D may, however, be extrapolated 
only for somewhat lower or higher values of w. 
For very small loads (w «< 10 mg.) D is very large, 
as is also indicated by Equation 6; for loads higher 
than 2000 mg., the uncrimping is completed, D 
approaches zero, and thereafter the fiber is stretched 
according to its elastic properties. 

The values of m for the various loads were deter- 
mined for all the crimped samples. In Figure 5 the 
n values for the samples 9k and 17.5k are plotted 
against log w. The m values for the other samples 
resemble the behavior of these two samples, and no 
considerable change is found between the wave 
numbers of the different samples when compared at 
the same loads. ; 

It is seen from Figure 5 that m increases rapidly 
with the application of increasing loads. The wave 
number defined by this method of measurement is 
related to the number of waves per length of the 
fiber itself (L) and not to the wave number per 
crimped-fiber length (/,.). Therefore, if the fiber 
would have been in a true helical shape, this wave 
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number would not have changed by the application 
of loads. However, the increase in n with the load 
found in the present measurements suggests that 
the fiber does not appear as a uniform helix. It 
seems that this increase is due to the stretching of 
the highly curved longer waves which are associated 
with higher D values and which are the first to 
become straightened, leaving the fiber with its 
shorter waves (which are associated with smaller 
D values) ; these are stretched only later with the 


load. 


Extension and Energy of Crimp 


As has already been mentioned (see Method of 
Measurement and Apparatus), the measurements 
of the crimp in the present work include data on 
the extension values, which are related to the crimp 
ratio by Equation 5. 

The results of the extension values (in percent) 
for some of the jute samples are given in Table III 
against the loads. 

Table III also includes the values of the extension 
at break. The range of loads at which the break- 
age of the fibers of the various samples occurred.was 
between 10 and 100 g. 

The relation between the extension and the load 
is found to fit the curve 


e= plogw+q (7) 


toareliable correlation. Asforw = 


it is seen that 


10 mg., e = 0, 


—@q (8) 
and 
e = p(log w — 1) (9) 


Table III includes the values of p, g, and r; these 
were calculated for the range of the uncrimping 
loads of 10-2000 mg. 
only slightly from p. 


It is seen that —q deviates 


TABLE III. 


Load w, mg. 
Sample K 60 150 


0k ’ 0.9 
5k f 1.3 
7k a e 3.6 
9k : , 7.0 
12.5k ; , 4.4 
17.5k . ; 4.2 
24k oa 3.8 
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The dependence of e on w is shown for Sample 9k 
in Figure 6, where 


e = p(log w — 1) (9) 


e+? 


w=10? (10) 


The curve described in Figure 6 is the lower part 
of the load—extension curve of the fiber, character- 
izing its behavior and performance under the appli- 
cation of loads. The exponential dependence of w 
on e is valid in the range of loads used only (i.e., 
10-2000 mg.), as when the crimp disappears the 
extension may not increase in the former rate. On 
the other hand, the extension cannot be defined for 
loads smaller than 10 mg. according to the present 
method of measurements. No continuous record 
of the force against extension was obtained on a 
recorder of a tensile tester from which the energy 
absorption of each fiber might be integrated. From 
a force extension to break curve certain parameters 
may be chosen to describe the tensile properties of 
the fiber. Usually the area under the curve is used 


to define the energy applied to the fiber. In pre- 





LOAD w (mg) 


EXTENSION (%) 


Fig. 6. Load-extension curve—Sample 9k. 


Dependence of Extension on Load, % 


At 


break 


2.7 - 0.998 

3.6 - 0.991 
10.4 0.999 
20.7 0.998 
15.0 0.994 
10.9 0.995 
10.8 0,999 
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vious communications dealing with the crimp of 
wool fibers [3, 4, 7 ], the definition of the uncrimping 
energy as a part of the energy applied to the fiber 
has been developed and used. By this definition 
the uncrimping region is taken to be the portion of 
the curve from the beginning of the extension to the 
beginning of the Hookean region. The crimp is 
removed at the end of this portion of the extension. 
The uncrimping energy (£) is chosen as a param- 
eter characterizing the stress-strain behavior of 
the fiber in the uncrimping region and is propor- 
tional to the area measured between the stress— 
strain curve and the Hookean slope. Although the 
measurement of the uncrimping energy has the dis- 
advantage of being laboriously determined even 
when approximation methods are used, it has been 
repeatedly used as a representation of the crimp of 
wool fibers. While the uncrimping energy does not 
provide any description of the actual crimp, it seems 
to be capable of possessing a direct physical inter- 
pretation and may be used in evaluating the contri- 
bution of the crimp to the tensile properties and 
performance in use of the fiber. 

The shape of the load-extension curve of jute 
fibers cannot be precisely determined. Whereas it 
was possible in the present investigation to obtain 
this curve in the uncrimping portion (see Figure 6), 
difficulties were encountered in recording the later 
portion of the curve when no crimp was present and 
when the increase in the extension of the fiber 
became very slow. 

For this reason it seemed necessary to measure 
the uncrimping energy in a different way from the 
one based on the Hookean slope. In the present 
measurements, the initially crimped fiber was ex- 
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tended by the loads until no crimp was present 
Therefore the uncrimping energy could be deter- 
mined when the area under the load—extension 
curve was calculated at the limits of the range of 
loads used. As was mentioned before, the initial 
load used was 10 mg.; the upper limit of load was 
chosen as 2000 mg., for which the crimp approaches 
zero, as was shown for D in Figure 4. From this 
limit of 2000 mg. and on, the fiber behaves according 
to its elastic properties. The energy determined by 
this method contains in addition to the uncrimping 
energy a small part of the elastic energy of the fiber 
operating in the uncrimping region. 

The uncrimping energy of extension is illustrated 
for Sample 9k by the shaded area £, in Figure 6. 

The uncrimping energy can be calculated from 
the fitted load—extension relationship as follows: 


2 2 

f w(e)de = f 10“+¢/P)de 
él bd | 

os P 
In 10 

pb 0.4343 (2000 — 10) = 864.3p (mg.) 


E. = 


(w(e2) — w(er)) 


(11) 


The values of E, were calculated for the different 
jute samples, as is shown in Table IV. 

It is interesting to compare the results of un- 
crimping energies obtained for jute with the values 
reported in the literature for wool, in which the 
results are presented for a unit of cross section ; such 
a comparison is presented in Table 1V. The values 
of the uncrimping energy are given in two units, 
i.e., in megagrams per square centimeter and in 
grams per percent of extension. The mean diam- 
eters of the fibers were used for these calculations. 


TABLE IV. Comparison of Uncrimping Energies of Wool and Crimped Jute 


Reference 
no. Fiber 

7 Wool 

7 Wool 

2 Wool 
Present work Jute 
Present work Jute 
Present work Jute 
Present work Jute 
Present work Jute 
Present work Jute 
Present work Jute 


Low crimp 


0k 
5k 

7k 
9k 
12.5k 
17.5k 
24k 


* These two figures are not values of uncrimping energy. 
straighten the noncrimped fibers. 
crimped samples due to some elastic stretching of the fibers. 


Specification 
High crimp 


Carded sliver 


Mean 
diameter, 


Uncrimping Uncrimping 
stress, energy, 
Mg./cm.? g. 


0.117 
0.077 
0.084 
0.013 
0.017 
0.092 
0.207 
0.163 
0.154 
0.154 


0.45 
0.30 
0.52 
0.64* 
0.81* 
2.79 
5.85 
3.87 
3.53 
3.01 


Their order of magnitude corresponds to the work done to 


It may be used as an estimate of the error of measurement of the uncrimping energy of the 
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It is seen from Table IV that the uncrimping 
energies of the crimped jute samples are of the same 
order of magnitude as those found for the wool 
samples. It is also evident that, provided both 
methods of measurement represent the same type 
of energy, it is possible to prepare a jute with a 
significantly higher uncrimping energy. It should 
be realized, however, that the uncrimping energies 
obtained in the case of jute may include an unknown 
part of elastic energy. This unknown part may be 
relatively small compared to the overall uncrimping 
energy; its order of magnitude is given by the 
“‘uncrimping energy’’ measured for the noncrimped 
jute Sample 0k, which was not treated with alkali. 
In this last case E, was found to be 0.64 g., which 
is only about 10% of the maximum £, obtained for 
the jute Sample 9k with the highest crimp. 

If it is assumed that this part of elastic energy 
does not change significantly by the alkaline treat- 
ments in which the crimp is formed on the jute, it 
is possible to subtract this amount of energy (0.64 
g.) from the experimental values in order to obtain 
corrected figures of uncrimping energy. 


The Effect of Alkali Concentration on the Crimp of 
Jute 


As was mentioned above (see Experimental), jute 
samples treated with alkali solutions of various con- 
centrations were prepared at the same temperature 
and time of treatment. 

In order to evaluate the effect of the alkali con- 
centration on the crimp, the fibers selected from 
the different samples were compared under constant 
conditions of test with a load of 10 mg. applied to 
each fiber. 

The changes in the measured magnitudes of the 
crimp parameters (means of 50 fibers) of D, n (for 
w = 10 mg.), the extension at break including their 
respective tolerance limits, and of the uncrimping 


TABLE V. The Effect of the Concentration of Alkali 
on the Crimp of Jute 


D at 
w = 10mg., 


Extension n at 
at break, w = 10 mg., E., 
Sample mm. % mm.~! g- 
2.7+0.2 
3.6+0.4 
10.4 + 1.2 
20.7 + 1.9 
15.0 + 0.6 
10.9 + 1.7 
10.8 + 0.9 


1.34 + 0.13 
1.93 + 0.16 
1.56 + 0.16 
1.34 + 0.18 
1.36 + 0.16 


0.100 + 0.012 
0.092 + 0.008 
0.097 + 0.010 
0.104 + 0.016 
0.101 + 0.012 
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energy with the change of the alkali concentration 
are presented in Table V and in Figures 7, 8, and 9. 

A similar behavior is observed in the case of the 
extension at break and of the uncrimping energy 
(see Figures 8 and 9). The values of these param- 
eters increase with the increase in the alkali con- 
centration of up to 9%, where they reach their 
maximum values. With the subsequent increase 
in the concentration the values decrease and reach 
constant levels. These final constant values of the 
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ig. 7. Change of D with k; w = 10 mg. 
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Fig. 9. Change of E, with k. 
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crimp parameters are lower by less than 50% from 
the respective values of the maxima. 

The small initial values of the extension at break 
and of the uncrimping energy in the alkali range of 
0-6% seem to be due to the elastic behavior of the 
fibers in the noncrimped state. 

Figure 8 represents the change in the extension 
at break with the change in the alkali concentration. 
These high values of the extension at break are 
especially interesting, since they indicate a profound 
change in the mechanical performance of the treated 
jute fibers as compared to the stiff nontreated fibers. 
By comparison of the extension at break curve of 
Figure 8 to the corresponding curve reported by 
Roy [10] it is seen that while a rapid increase to 
up to 4% extension was obtained by Roy in the 
alkali concentration range of 9-12%, in the present 
investigation a much higher increase in extension 
at break of up to 20.7% was measured at the lower 
alkali concentration range of 5-9%. The initial 
decrease in the extension at break reported by Roy 
[10] could not be reproduced in the present inves- 
tigation. These observed discrepancies are ex- 
plained by the different experimental techniques 
used by Roy, which did not take into consideration 
the extension due to crimp. It is clear that this 
last extension is overwhelmingly higher than the 
elastic extension, and it is extremely difficult to 
distinguish one from the other. The lack of data 
on the degree of straightening of the fibers measured 
done by Roy does not allow a numerical comparison 
of the dependence of the extension at break against 
alkali concentration between both investigations. 

Unlike the other crimp parameters, the wave 
number does not change significantly with the 
change in the alkali concentration at the range 
studied (see Table V). The same number of waves 
are therefore formed on the jute fibers at all con- 
centrations in which the crimp was observed. The 
changes in crimp due to the increase in alkali con- 
centration in the range of 6—24% consist merely of 
changes in the amplitude of the crimp waves rather 
than in their effective wavelength, which is in the 
vicinity of 10 mm. throughout (for a load of 10 mg.). 
This result indicates that the crimp waves are 
formed on certain fixed points along the jute fibers. 
It may be inferred that the same sites on the fibers 
operate at the different alkali concentrations. 

It is realized that the wavelength of 10 mm. does 
not represent the actual distances between these 
points, which are irregularly distributed along the 


‘there is no formation of crimp. 
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fibers. It is possible that the contribution of each 
of these sensitive points towards the crimp is not 
equal, since waves of different lengths were ob- 
served, and the longer waves especially influence 
the calculated wave numbers. It was mentioned 
before (see Figure 5) that the wave numbers in- 
crease with the increase in load above 10 mg., 
indicating that the longer waves disappear before 
the shorter ones. It is believed that more infor- 
mation about the nature of these ‘‘sensitive”’ points, 
their distribution along the fiber, and their corre- 
lation to the wave number might be obtained with 
microscopical or soft x-ray studies. 

The action of alkali on the uncrimping energy is 
well pronounced (Figure 9), suggesting that E, may 
serve as a characteristic figure representing the 
crimped jute samples over the whole range of loads 
used. It should, however, be emphasized that the 
geometrical shape of the fiber is not apparent from 
this figure, as E, accounts for the dynamic perform- 
ance of the crimped fiber only. £, increases up to 
5.85 g. at 9% alkali and decreases at higher concen- 
trations in the same manner as D, approaching 
about 3 g. at 24% of alkali. 


The Effect of Temperature on the Crimp Formed on 
Jute 
As mentioned above (see Experimental), a series 
of jute samples was prepared at various tempera- 
tures in the range of —5° to 60° C. at a con- 
stant concentration of alkali (9%) and time of 
treatment (1 hr.). 


Measurements of the crimp 
parameters were performed on the samples which 
were prepared at —5° C., 2° C., 20° C., and 40° C. ; 
no crimp was observed on jute samples treated at 


40°C The values of 
D and n at a load of 10 mg. and the extension at 
break determined on 50 fibers for each of the samples 


. and at higher temperatures. 


prepared at the various temperatures are sum- 
marized in Table VI. 

It is seen from Table VI that when the tempera- 
ture is increased beyond 2° C. a significant decrease 
in crimp occurs and that at a temperature of 40° C. 
At temperatures 
lower than 2° C. the crimp values are somewhat 
smaller. 

It therefore seems that the optimum temperature 
at which the highest crimp is formed will be in the 
range of 0-5° C., where the highest values of the 
crimp diameter are observed. 
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The Effect of the Time of the Alkali Treatment on the 
Crimp Formed on Jute Fibers 


A series of experiments in which the time of treat- 
ment was varied between 0.5 and 6 hr. was carried 
out with 9% alkali at 2°C. The values of the 
crimp parameters measured on 50 fibers of each 
of the samples of this series are summarized in 
Table VII. 

The effect of the increase of the time of treatment 
on the crimp parameters is not similar to the effect 
obtained when increasing the temperature or in- 
creasing the alkali concentration. The crimp was 
formed on the samples approximately after 0.5 hr. 
of treatment, when a crimp diameter of 1.74 mm. 
was measured. D reaches the somewhat higher 
value of 1.93 mm. after 1 hr. of treatment. For 
longer treatments no significant further increase in 
D is obtained. 

The wave number does not change significantly 
when the time of treatment is increased. 

It is seen from Table VII that the necessary time 
of treatment with 9% alkali at 2° C. is about 1 hr. 


Conclusions and Summary 


The present work includes an investigation of the 
crimp phenomenon on jute as well as quantitative 
measurements of the crimp parameters under the 
different conditions of its formation in the alkaline 
treatments. 

The method of measurement of crimp is based on 
a method developed previously for single fibers and 
adapted to the fiber-like jute strands. 

By this method the fiber is rotated through its 
fixed ends, after a constant load is applied to the 
fiber at its lower end. The crimp parameters D, 
C, and e are measured from the image of the rotating 
fiber: D is the effective crimp diameter which corre- 
sponds to the “average’’ width of the irregularly 
shaped fiber ; C is the crimp ratio, or the contraction 
of the fiber’s length owing to the formation of crimp; 
and e is the extension of the length between the 
fiber ends caused by the application of a load. 
From D and C the effective wave number 1 is cal- 
culated. The parameters depend on the load ap- 
plied to the fiber and are measured for a series of 
loads, starting with 10 mg. For high loads the 
fiber breaks and the extension at break is recorded. 
From the change of extension with load a force 
extension curve of the fiber is obtained. In the 
case of jute it was possible to fit a force—extension 
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TABLE VI. Dependence of Crimp on Temperature 


Tem- 

pera- 

ture, 
Sample °C. 


D at 
w = 10 mg., 
mm. 


n at 
w = 10 mg., 
mm.~! 


Extension 
at break 
18.0 + 2.1 
20.7 +1.9 
114+ 1.0 
3.4+0.4 


0.105 + 0.012 
0.092 + 0.008 
0.097 + 0.008 


1.50 + 0.16 
9k 2 1.93 + 0.16 

20T 20 1.44 + 0.12 

40T 40 — 


. 


TABLE VII. The Influence of the Time of Treatment 


on the Crimp 
D at 
w= 10mg., 
mm. 


n at 
w = 10 mg., 
mm. 


Extension 
at break 


Time, 


Sample hr. 


1 0.090 + 0.011 
9 0.092 + 0.008 
5 0.073 + 0.006 
9 0.081 + 0.011 


5 1.74 + 0.19 . 
1.93 + 0.16 A 
2.18 + 0.17 d 
2.04 + 0.25 . 


0.5t 0. 
9k 1 
2t 2 
6t 6 


curve for the measured points. It was, therefore, 
possible to calculate the area under this curve and 
to get a figure which corresponds to the energy of 
uncrimping the fiber. 

The measurements of crimp were carried out for 
a series of jute samples prepared at different con- 
ditions. After the crimp parameters and the exten- 
sion at break were measured the fiber’s ‘‘diameter”’ 
was measured on a projection microscope. 

A relationship between the fiber diameter thus 
measured and the crimp parameters was not found 
to be significantly pronounced. 

Means of 50 fibers were taken to represent the 
crimp parameters of a sample, but a group of 20 
fibers was found to be sufficient for the representa- 
tion of most of the jute samples treated with differ- 
ent concentrations of alkali. 

The change of the crimp diameter and of the 
extension with load was found to be logarithmic for 
all the jute samples used. The wave number in- 
creases rapidly with the load, indicating that the 
longer waves disappear before the shorter ones. 
From the extension—load logarithmic dependence it 
was possible to calculate the uncrimping energies 
of the various samples. The small “uncrimping 
energy” obtained for the nontreated jute sample 
seems to be due to the elastic energy absorbed by 
the fiber. 

It was found that the crimp parameters change 
with the concentration of the alkali treatment. 
The crimp diameter (at a constant load of 10 mg.), 
the extension at break, and the uncrimping energy 
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reach a maximum value at about 9% NaOH. At 
lower concentrations no crimp is apparent. When 
the concentration is increased beyond 9% NaOH, 
these parameters decrease to constant values. At 
the same time, no significant difference was found 
between the wave numbers calculated for the 
samples treated at the various concentrations. 

The crimp parameters reached their maximum 
values when the temperature of treatment was in 
the range of 0-5°C. (at a concentration of 9% 
NaOH). A slight decrease was observed for lower 
temperatures. At temperatures higher than 5° the 
crimp parameters decreased, and at 40° no crimp 
was formed. 

The appearance of crimp was not recognizable 
before 0.5 hr. of treatment with alkali. For treat- 
ments with 9% NaOH, the crimp parameters 





a 
ow 
- 
os 
i 
a 
2 
7 
rv 








FIBER DIAMETER d (io ' mm) 


Dependence of D on d—Sample 12.5k. 


WAVE NUMBER nlm! nn 








J . + . 
FIBER DIAMETER (10% 


Dependence of m on d—Sample 12.5k. 


TEXTILE RESEARCH JOURNAL 


reached a virtually constant value after 1 hr. with 
no significant change afterwards. 


Appendix: Dependence of the Crimp Parameters 
of the Jute Fibers on the Diameter 
of the Fiber 


The diameters of the jute fibers used in the 
present work have been measured on a projection 
microscope, and the relationship between the crimp 
diameter and the wave number on the fiber diam- 
eter was tested. 

The dependence of D on d was checked for all 
samples investigated. In each case the values of 
D and d (as well as C) were measured on 50 fibers 
at a load of 10 mg. (see Experimental). In Figure 
10 the corresponding values of D and d for the jute 
Sample 12.5k are presented. It can be seen from 
Figure 10 that a well marked tendency for the fibers 
with higher diameters d to have large values of D 
exists. The 50 fibers were divided into groups 
according to their diameters at constant class inter- 
vals of diameters, as is shown by the circles in 
Figure 10, in which the values of D and d are mean 
group values. 

The correlation diagram obtained is also shown 
in this figure. The regression of the crimp diam- 
eter on the diameter of the fiber, indicated by the 
full line in the figure, accounts for the greater part 
of the intersample variability. 

The dependence of D on d shows a trend for two 
types of curves; the first is of a linear relationship, 
D = Ad+ B = 0.151d + 0.73 with a regression 
coefficient r = 0.489, where r. = 0.279 for f = 48, p 
= 5%, as shown in Figure 10. 

A second dependence can be approximated to the 
same reliable degree, and a curve of the type 
D = MN‘ can be fitted to the measured values; 
with M = 1.093 and N = 0.902, the regression co- 
efficient on a semilog scale is r = 0.457, which is 
about the same as for the first case. 

The values of r were also calculated for the group 
means. For a linear relationship and a semiloga- 
rithmic regression line, r = 0.770 and r = 0.792 are 
given respectively (7, = 0.754 for f = 5, p = 5%). 

The gain with a semilogarithmic relationship is 
somewhat greater than that likely to be encoun- 
tered with sampling fluctuations when the relation 
is truly linear. 

For each of the other samples tested, the same 
types of relationships were obtained. In all cases 
the regression values of r were found to be some- 





May 1959 


what higher than the critical values of r., but the 
differences r — r, were not higher than in the case 
of Sample 12.5k. Although it is possible to use 
either of the two types of relationships, it seems 
that neither type fully represents the dependence of 
D on d to a reliable significant extent. 

The measurements of C were carried out on the 
same fibers and at the same load as used in the meas- 
urements of D. From the measured values of C 
and D the wave numbers n were calculated accord- 
ing to Equation 3a 


n =n, = VC(2 — C)/xD 


(3a) 


The dependence of the wave number on the fiber 
diameter was also tested for all samples; Figure 11 
shows the results obtained for Sample 12.5k. 

It is seen that although there is an indication 
that the lower values of m are related to greater 
fiber diameters, this correlation is hardly signifi- 
cant; for a test of a linear correlation (50 fibers) 
r is found to be equal to — 0.360, whereas r, = 0.279 
for a 5% level of significance (f = 48). 
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The Action of Copper Ammines on Wool’ 
C. S. Whewell, J. Ashworth, V. R. Srinivassan, and A. G. P. Vassiliadis 


Department of Textile Industries, The University of Leeds, England 
Abstract 


When wool is immersed in solutions of metal ammines, metal is adsorbed and the 


fibers contract. 
fibers. 


is discussed. 


There are also interesting changes in the x-ray photographs of the 
Data are given for the absorption of copper from several copper ammines by 
untreated and chemically modified wools. 


The mechanism of the reactions involved 


The effect of the absorbed copper on the physical properties of the fibers 


is also considered, special attention being given to the moisture relations and the setting 


characteristics of metal-containing fibers. 


Ir is well known that cuprammonium hydroxide 
is an excellent solvent for cellulose and that 
silk is soluble in a solution of cupriethylene diamine. 
Cuprammonium hydroxide has also been mentioned 
as a solvent for wool, and Rimington [7] has 
protected a process for producing a protein rayon 
from a solution of wool in reduced cuprammonium 
hydroxide. The reaction between wool and copper 
ammines has not, however, been studied in any 


detail. ‘she topic seems to have been completely 


neglected until Whewell and Woods [8 ] commenced 
an investigation on the action of cuprammonium 
hydroxide on wool following an examination by 
Whewell and Rigelhaupt [6 ] of methods of making 
wool nonfelting by attacking the surface of the 


fibers. Preliminary experiments showed that wool 
fabrics treated with cuprammonium hydroxide are 
in fact unshrinkable, although this is now con- 
sidered to be due to a reduction of the ability of the 
fibers to recover from deformation. It was quite 
clear that the reagent reacted rapidly with wool; 
copper was absorbed and there was an accompany- 
ing contraction of the fibers. The absorbed copper 
could not be removed simply by washing in water, 
but immersion in 5% sulfuric acid removed it 
completely. At the same time the contracted 
fibers recovered their original dimensions. These 
interesting results, especially the existence of 
“reversible supercontraction,’’ indicated the need 
for more detailed study of the reaction between wool 
and copper ammines; the present paper is an 
account of investigations carried out over the last 


! Presented at a meeting of The Fiber Society, Montreal, 
September 9, 1958. 


few years. At the same time, studies have been 
made of the reaction between proteins and nickel 
ammonium hydroxide [1 ], nickel ethylene diamine 


[5], and various cobalt complexes [2 ]. 


Absorption of Copper 


The absorption of copper from solutions of copper 
ammines is dependent on many factors, including 
the composition and concentration of the reagent, 
the time and temperature of the treatment, and the 
previous history of the wool. Absorption of copper 
from solutions of cuprammonium hydroxide, cupri- 
methylamine hydroxide, cupriethylamine — hy- 
droxide, cupri-n-propylamine hydroxide, and cupri- 


TABLE I. Absorption of Copper from Cuprammonium 


Solutions * 


Time of 
treatment, 


% Absorption at 
hr. ec. 


i te 
5.75 
6.40 
6.85 
7.05 


1s"'C. 
5.40 
3.65 
4.90 6.65 
6.85 
6.50 
k 7.00 
5 7.05 pe. 
15 7.30 7.90 
24 8.05 
30 7.40 
41} 7.45 
48 7.65 8.05 
71 7.80 
112 8.10 
161 8.00 


7.50 


7.80 


6.55 
5.75 


* Dry weight of wool: 0.436 g.; volume of reagent: 50 ml.; 
reagent: cuprammonium hydroxide containing 0.0175 M/I. 
copper and 7.25 M/l. ammonia. 
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ethylene diamine follow the same general pattern. 
Typical absorption data relating to the take-up of 
copper from the first four reagents are summarized 
in Tables I-IV, the values being expressed as 
percentages calculated on the dry weight of the 
wool. 

It is evident that in many cases the absorption at 
first increases with time and then decreases. At 
low temperatures the peak is not marked, but as 
the temperature at which the absorption takes 
place increases, the peak becomes more pronounced. 
This suggests that the peak is in some ways as- 
sociated with dissolution of protein. Fiber dis- 
solution is no doubt due to attack on both main 
chains and -S-S- linkings, for the copper ammines 
are strong bases. If the peaks are associated with 
fission of disulfide linkings, they should be less 
prominent on comparable curves relating to the 
absorption of copper from wool in which the -S-S- 
linkings have been replaced by the more stable 
lanthionine linkings. This was found to be so. 

Analysis of the data given in Tables I-IV and 
of many others not included in this paper suggests 
that the rate-determining step in the reaction is the 
diffusion of the reagent through the fiber. 

The amount of copper absorbed at any given time 
is complicated by degradation phenomena, but if 
attention is limited to cases where damage is 
reduced to a minimum (e.g., absorption at 0° C.) 
it is clear that absorption from dilute solutions of 


TABLE II. Absorption of Copper from Cuprimethylamine 
Solutions * 


Time of 
treatment, - - 
hr. * iss. 


% Absorption at 





5.60 
8.55 
9.70 


we 


10.20 
10.35 
10.35 
10.30 


8.55 


Cur wre 


9.70 
10.15 
10.35 
10.35 

9.70 . . 

4.55 . - 


* Dry weight of wool: 0.436 g.; volume of reagent: 50 ml.; 
reagent: cuprimethylamine hydroxide containing 0.0175 M/I. 
copper and 7.25 M/l. methylamine. 
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cuprimethylamine and cupriethylamine hydroxides 
is greater than that from cuprammonium hydroxide 
under comparable conditions. In all three cases 
there is a rapid initial absorption, followed by a 
much slower reaction. If more concentrated 
solutions are used (0.124 M./1. copper and 7.25 
M./1. ammonia or amine) the total amount of 
copper absorbed is increased, and the initial rate 
of absorption decreases in the order cuprammonium 


TABLE III. Absorption of Copper from Cupriethylamine 
Solutions * 


Time of % Absorption at 
treatment, * 
hr. is’¢., 23° %,, 
5.30 
8.80 
10.50 
10.40 
10.00 
9.60 


6.75 
10.00 


rere 


10.95 
5.75 


ee 


11.15 
11.10 


ewnn 


5 8.90 
10 10.35 
20 11.20 
30 11.40 
40 11.30 
70 9.70 

166 4.55 


* Dry weight of wool: 0.436 g.; volume of reagent: 50 ml.; 
reagent: cupriethylamine hydroxide containing 0.0175 M/l. 
copper and 7.25 M/l. ethylamine. 


TABLE IV. Absorption of Copper from Cupri-n- 
Propylamine Solutions * 


Time of 
treatment, 


hr. : is” <. 


% Absorption at 


2.70 


& 1.75 
10 
16 3.85 
26 6.35 
443 10.40 
644 10.70 
78 11.00 
89 10.75 
118 9.85 
165 8.00 


* Dry weight of wool: 0.436 g.; volume of reagent: 50 ml.; 
reagent : cupri-m-propylamine hydroxide containing 0.0175 M/ 
1. copper and 7.25 M/I. n-propylamine. 
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TABLE V 


Time of 
treatment, 


Cu( " -NH;),4* ’ 


8.0 
20.4 
21.9 


23.1 


21.1 


Cu( CH;NH:),** 


% Absorption from 


Cu(m—C;H;NH:2),** 





Cu( C:H;NH:2),4** 


10.2 
4.3 


6.6 


22.2 (23.0)* 


21.9 (23.7)* 


72 
96 
130 
162 
185 


10.9 
15.3 
19.3 
21.9 
23.6 
22.9 (23.9)* 
22.2 (23.8)* 


22.2 (22.6)* 


* Figures in parentheses indicate percent absorption after correction for the amount of wool dissolved during treatment. 


hydroxide >cuprimethylamine | hydroxide >cupri- 
ethylamine hydroxide>cupri-n-propylamine hy- 
droxide (see Table V). The same order is main- 
tained in data showing the absorption of copper at 
0° C., 15° C., and 25° C. by stabilized wool. The 
limiting absorption from solutions of this concen- 
tration tends towards the same value for all the 
ammines. Absorption from solutions of cupri- 
ethylene diamine follow a similar pattern, although 
there is more degradation. 


Maximum Absorption Power of Wool 


To obtain reliable data on this topic, degradation 
must be reduced to a minimum; consequently, data 
were considered from experiments carried out at 
0° C. The liquor : wool ratio was maintained at 
1000:1 to ensure an adequate supply of copper; to 
obtain a figure for the maximum amount of copper 
which could be taken up, the absorption of copper 
from ammine solutions of various concentrations 
was considered. The curve relating absorption and 
the reciprocal of the concentration was extrapolated 
to “infinite concentration.” 

It was evident that the maximum absorption 
is between 32% and 34%, irrespective of the 
ammine. The figure relating to the absorption for 
cupriethylene diamine was 30%. To explain these 
high values, combination with groups in the main 
chains of the keratin molecule must be postulated. 
If the reaction involves exchange of the four ligands 


attached to the copper in the ammine for four 
active sites on the fiber, the amount of copper which 
can be absorbed is a little higher than that found 
experimentally, but there is little doubt that the 
reaction involves most of the NH, the hydroxyl, 
and the phenolic groups. This mechanism involves 
exchange between the whole of the coordinated 
ammonia or amine and groups in the wool molecule. 
Some support for this was found in the results of 
measurements of the nitrogen contents of the 
treated wools. The validity of such determinations 
is clearly bound up with the washing procedure 
adopted to remove excess reagents from the treated 
wool, for care must be taken to remove all loosely 
held nitrogen containing components (e.g., amines 
and occluded copper complexes) without removing 
nitrogen associated with the copper—keratin com- 
plex. From the results of experiments in which 
the copper-containing wool was washed for a short 
time (1 min.) and for a long time (24 hr.) it was 
found that lightly washed samples contained more 
nitrogen than untreated wool, but those washed for 
24 hr. showed an insignificant increase. This 
suggests that copper is absorbed first in the form of 
a complex with the ligand. Although the different 
complexes yield slightly different copper absorp- 
tion nitrogen relationships, the ratio between 
excess nitrogen and copper on the fiber corresponds 
to 0.4-0.6 atoms of nitrogen per copper atom 
present. When washing is prolonged, the treated 
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samples do not contain an appreciable excess of 
nitrogen. This would suggest that ligand initially 
present, probably in a loosely combined form, is 
removed completely by washing for 24 hr. The 
low nitrogen content of this washed material 
suggests that the final reaction can be expressed as 
an exchange 


Cu L4+4W=—Cu W,4+4L 


where L represents the ligand and W the groups of 
keratin taking part in the reaction. It is probable 
that during the absorption various intermediates 
are formed before the final stage is reached; the 
general system can be summarized as follows: 


Cu L4+}W=—Cu L3W+L 
Cu L;W+W=Cu L2W2+L 
Cu L2W2+W=Cu LW;+L 
Cu LW;+W=—Cu W.+L 


The excess nitrogen is probably partly associated 
with the fiber through intermediate copper com- 
plexes, and part is free amine loosely combined with 
the fiber by normal means. The relative signifi- 
cance of these factors will vary according to the 
particular properties of ‘the ligand from complex 
to complex. The stronger the bond between the 
ligand and: metal, the more difficult will be its 
replacement by groups of keratin. 


Increase in Weight of Wool Containing Copper 

It was interesting to note that the increase in 
the weight of the samples following treatment with 
the copper ammine cannot be accounted for solely 


in terms of copper. The material other than copper 
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is not nitrogeneous, for the nitrogen content is 
unaltered, but it is possible that the copper in the 
wool-copper complex is associated with hydroxyl 
groups or oxygen. Hydrolysis of the copper- 
protein complex appears to yield a corresponding 
amount of copper oxide or hydroxide. 


Dimensional Changes Accompanying 
Absorption of Copper 


The rate at which wool fibers contract when they 
are treated with solutions of copper ammines 
depends on the concentration of copper in the 
solution and on the temperature, but unless there 
has been excessive degradation a limiting value of 


TABLE VII* 


Time of 
treatment, 
min. 


% Supercontraction at 


hye. oe iC: °C. 
15 5.0 (99) 
30 10.6 (98) 
45 15.4 (97) 
60 24.0 (95) 
75 27.4 (94) 
90 28.6 (93) 
105 30.0 (91) 
120 31.4 (91) 
135 32.1 (91) 
150 31.7 (90) 
180 32.0 (89) 
240 31.4 (88) 
300 32.6 (87) 
360 32.1 (87) 


10.2 (96) 
25.0 (92) 
30.0 (91) 
32.0 (90) 
31.8 (88) 
32.2 (87) 


16.2 (95) 
27.6 (92) 
31.6 (90) 
32.4 (89) 
31.8 (88) 
32.0 (86) 


* Composition of cuprammonium solution: 1.48 g. copper 
and 20 g. of ammonia per 100 ml. The figures in parentheses 
indicate the degree (%) of reversibility of the fibers on being 
immersed in 5% sulfuric acid at room temperature. 


TABLE VI* 


Concentration 
of copper, 
g./100 ml. — 

solution 15 min. 30 min. 


0.279 
0.390 
0.446 
0.557 
0.780 
0.947 
1.117 
1.287 (94) 
1.426 0 (93) 
1.564 22.1 (90) 
1.664 23.4 (90) 


(100) 
(99) 
(99) 
(99) 
(98) 
(97) 
(94) 


7.5 (100) 
12.0 (99) 
15.0 (99) 
18.3 (98) 
22.5 (97) 
27.0 (97) 
30.0 (94) 
30.4 (93) 
30.8 (93) 
30.8 (91) 
30.0 (88) 


—_ 
wnoonuw 
PION UU 


nN 
nN 
wn 


Nm hM 
NS 
oo 


* Temperature of treatment: 30° + 0.5° C.; concentration of ammonia in solutions: 18.4 g./100 ml. 


% Supercontraction after immersion for 


60 min. 90 min. 120 min. 
24.0 (99) 
27.0 (99) 
29.2 (98) 
29.7 (98) 
30.0 (97) 
30.7 (95) 
31.9 (93) 
32.0 (91) 
31.3 (92) 
32.0 (87) 
31.8 (86) 


30.0 (98) 30.9 (98) 
30.4 (98) 31.3 (98) 
30.9 (97) - 

31.3 (97) 

31.2 (95) 

32.0 (92) 


The figures in 


parentheses indicate the degree (%) of reversibility of the fibers on being immersed in 5% sulfuric acid at room temperature. 
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approximately 32% is obtained. Moreover, pro- 
vided the conditions of treatment are not unduly 
severe, the fibers recover their original length on 
being immersed in 5% sulfuric acid solution at 
room temperature (see Tables VI and VII). The 
replacement of -S-S- linkings by more stable 
-C-S-C- linkings favors the recovery of the fibers 
even when conditions of treatment in the copper 
ammine solution are quite severe. The mechanism 
of the supercontraction appears to be as follows. 
The ammine causes considerable swelling, and the 
base is thereby enabled to penetrate between the 
peptide chains. A process similar to double de- 
composition occurs, and the union between the 
metal and the ligand is replaced by linkings between 
metal and the various groups in the fiber. A 
possible consequence of the high swelling is a 
reduction of the intensity of the less permanent 
interactions between chains, which would allow 
them to assume a state of higher entropy by 
irregular folding over and above the regular folding 
of the normal a form. This may be supplemented 
by the effect of the attractive forces between the 
copper atoms and the appropriate groups in the 
wool tending to pull these groups together. This 
folding is resisted by the unbroken covalent side 
chains such as the -S-S- linkings or in stabilized 
wool the -C-S-C- linkings. If these have been 
broken (e.g., by treatment with chlorine peroxide 
or other “‘softening-up’’ treatments) contraction is 
facilitated. Unless excessive -S-S- bond fission 
has occurred, the -S-S- linkings tend to pull the 
system back to its normal form, but are unable to 
do so as long as copper is present and coordinated 
with groups in the main chains. Treatment with 
sulfuric acid, however, breaks down this union, and 
the intact covalent cross-linkings are then able to 
pull the fiber back to its original dimensions. It 
appears that a minimum amount of copper must 
be present before supercontraction commences. 


X-ray Examination’ of Fibers Treated with 
Cuprammonium Hydroxide 


Photographs taken of fibers containing relatively 
small amounts of copper show no new features, but 
as the amount of copper present becomes appreci- 
able there is a progressive weakening of the a 

* The x-ray photographs discussed in this paper were taken 


by Dr. J. Sikorski of the Textile Physics Laboratory of the 
University of Leeds. 
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photograph until, with the fibers containing about 
24% of copper, the photograph has disappeared 
altogether. This fading of the a photograph is 
presumably due to a loss of crystallinity following 
the penetration of copper into the chain bundles 
which in doing so pushes the peptide chains apart 
in an irregular manner. When the copper is 
removed by acid, the x-ray photograph returns to 
normal. By alternating treatments of the fibers 
with ammine and acid, the cycle of changes can be 
repeated several times, thereby establishing the 
essentially reversible nature of the molecular 
mechanism. If fibers are stretched 40% and held 
taut during the reaction, the 8 photograph charac- 
teristic of stretched fibers disappears, but returns in 
precisely the same way as the a photograph when 
the fibers are immersed in acid. 


The Action of Ammines on Set Fibers 


Data on this topic are limited to the action of 
cuprammonium hydroxide and of cupriethylene 
diamine. It has been shown by Miss R. Donovan 
[3] that when fibers which have been permanently 
set by boiling stretched fibers in water or 2% 
borax solution and subsequently boiled freely in 
water for 1 hr. are immersed in cuprammonium 
hydroxide solution they contract considerably, 
indicating that many of the interactions responsible 
for set are broken by this reagent (see Table VIII). 
Moreover, the 6 x-ray photograph which is charac- 
teristic of set fibers is converted to the a form by 
treating the set fibers in cuprammonium hydroxide. 
These observations indicate quite clearly that most 
of the bonds responsible for permanent set are 
broken by cuprammonium hydroxide. It is 
interesting to note, however, that in some cases 
the set fibers do not contract to quite the same 
extent as unset fibers, which suggests that a few 
of the bonds in the set fibers differ from the rest and 
are comparatively stable. 

The number of resistant bonds is increased if the 
temperature of setting is raised. Fibers, for 
example, which have been set by steaming at 20 
lb./sq. in. show appreciably lower contractions 
than unset fibers when immersed in solutions of 
cuprammonium hydroxide (see Table VIII). 


Moisture Content 


Since the main chains of the wool molecule are 
concerned in the reaction between wool and copper 
ammines, it would be expected that the moisture 
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regain of copper-containing wool would be different 
from that of untreated wool. This is in fact so, as 
can be seen from the data summarized in Table IX. 
It is clear from these and other data that at all 
relative humidities the regain—both absorption and 
desorption—of the copper-containing material is 
greater than that of untreated wool. Moreover, 
the greater the amount of copper in the wool the 
greater is the regain, although there is not neces- 
sarily a linear relation between the excess regain and 
the copper content. This increase may be due to 
two reasons—an absorption of water molecules on 
the copper or an increase in the accessibility of the 
fiber as a whole. There seems to be considerable 
support for the latter. The water absorption iso- 
therms can be analyzed in terms of the theory put 
forward by Hailwood and Horobin [4]; this yields 
values for the proportion of crystalline (or inac- 
cessible) material in the fiber. Calculation of these 
quantities for samples of wool containing various 
amounts of copper gives the following results. It 
is clear that as the amount of copper in the fiber 
increases, so does the accessibility of the fiber, until 
when the fiber contains 28% of copper the fibers 


are completely accessible. It is perhaps important 


TABLE VIII. Contraction of Set Fibers in 
Cuprammonium Hydroxide 


Set or supercon- 
Treatment of wool traction, % 
Extended 40% 
Set in 2% borax solution for 
1 hr. 


Released in cold water 


22.7 (set) 


As (1) but subsequently boiled 
in water for 1 hr. 12.1 (set) 

As (2) but followed by immer- 
sion in cuprammoniuim hy- 
droxide solution 


28.7 (contraction) 


Untreated material immersed in 


cuprammonium hydroxide 28.7 (contraction) 


Extended 35% 
Set in steam at 126° C. for 1 hr. 
Released in cold water 


26.0 (set) 


As (5) but subsequently im- 
mersed in cuprammonium 
hydroxide for 30 min. 


20.0 (contraction) 


Untreated material immersed in 
cuprammonium hydroxide for 


28.7 (contraction) 
30 min. 5 
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to note that when the fiber is in this state it does 
not give an x-ray photograph. 


The Action of Steam on Stretched Wool 
Fibers Containing Copper 
It is well known that when wool fibers are 
stretched by 40% and then steamed for various 
times before being boiled freely in water, they 
supercontract or take a set, depending on the time 
for which they are steamed in the stretched state 
(see Curve E, Figure 1). These effects will clearly 
be affected by the molecular structure of the fibers; 


TABLE IX. Regain of Copper-Containing Wool 
Copper 


in wool, 
Treatment % 


Regain (absorption), 
x 


0 


Cuprammonium hydroxide 16.0 (at 70% RH) 
19.9 
22.7 
23.0 
23.4 
24.7 
25.9 


Cuprimethylamine 
hydroxide 


13.3 (at 65% RH) 
13.6 
15.4 
16.9 
17.0 
18.7 
19.4 
19.1 
19.1 


13.3 
14.8 
16.3 
16.6 
17.7 
17.6 
18.2 


Cupriethylamine 
hydroxide 


13.3 
13.6 
14.6 
15.4 
16.8 
16.4 
16.8 
18.6 
19.4 


Cupri-n-propylamine 
hydroxide 


Cupriethylene diamine 15.4 (at 68.5% RH) 
18.1 
19.0 
20.5 
24.8 
28.7 
33.6 


36.7 
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it was therefore considered that the fibers containing 
copper might show novel features. Data relating 
to fibers treated in dilute cuprammonium hydroxide 
solutions (0.235 M/l. copper and 11.7 M/I. 
ammonia) for various times are recorded in Figure 
1, and similar data have been obtained on fibers 
treated with other metal complexes. It is evident 
that the presence of copper has a profound effect, 
the changes being dependent on the time of treat- 
ment and probably, therefore, on the amount of 
copper in the fiber. Treatment for 2 min. in the 
copper solution effectively prevents the fibers from 
supercontracting, and they do not take a set even 
after 2 hr. of steaming. As the treatment in the 
copper complex is prolonged, the fibers become 
able to take a set, and they also contract under 
suitable conditions, the time required to bring 
about maximum supercontraction decreasing as the 
time of treatment in the complex increases. It 
would appear, therefore, that in the early stages 
of the reaction between wool and copper complexes, 





























% SUPERCONTRACTION 


60 90 
TIME OF STEAMING, MIN. 


Fig. 1. Fibers treated in cuprammonium hydroxide 
solution (0.0175 M Cu/l. and 7.25 M NH;/l.). Bundles of 
20 fibers were immersed in 50 ml. of reagent at 25°C. A—2 
min., B—S5 min., C—15 min., D—60 min., E—untreated 
fibers. 
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cross-linking (probably involving copper atoms) 
stabilizes the structure, but as the reaction proceeds, 
degradation effects offset this stabilizing influence. 


Experimental 


The root ends of Lincoln wool fibers which had 
been purified by successive extraction with alcohol 
and ether followed by washing in distilled water 
were used throughout. 


Preparation of Stabilized Wool 


Two methods were used. 

Purified wool (100 g.) was treated in 101. of 0.1 NV 
caustic soda solution for 164 hr. at 21.2° C., then 
washed in distilled water for about 30 hr. This 
treatment converts about 50% of the cystine in 
wool to lanthionine. 

Wool (10 g.) was boiled for 30 min. in 1 1. of 0.1 NV 
potassium cyanide solution before being washed 
thoroughly in distilled water. This treatment 
converts most of the cystine into lanthionine. 


Preparation of Ammine Solutions 


Cuprammonium hydroxide solution. A standard 
solution sold for use in the cuprammonium fluidity 
test was used. It contained approximately 15 g./I. 
copper and 200 g./l. ammonia. 

Solution of copper ammines derived from methyl- 
amine, ethylamine, and n-propylamine. 
agents were prepared by agitating a concentrated 
aqueous solution of the amine with an excess of 
freshly prepared blue copper hydroxide in a sealed 
container and using a sealed stirrer to prevent 
evaporation of the amine. 

The following amine solutions were used : 


These re- 


25-30% wt./vol. aqueous methylamine 
33% wt./vol. aqueous ethylamine 
50% wt./vol. aqueous n-propylamine. 





TABLE X 
Fiber inaccessible 


to water, 
o7 


Copper, 
on 


o c 


0 38.0 
5 27.6 
19.5 

15 15.3 
20 11.1 
25 7.9 
28 0.0 
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All the ammine solutions prepared in this way were 
analyzed, then diluted to the required concen- 
tration and used immediately, since copper oxide 
is precipitated if the solutions are stored for con- 
siderable periods. When not being used, the 
solutions were kept in an icebox. The maximum 
concentration of copper in the ammine solution 
varied somewhat; e.g., concentrated cupram- 
monium hydroxide solution contained 15 g./I. of 
copper, while the solutions of cuprimethylamine, 
cupriethylamine, and cupri-n-propylamine con- 
tained 16 g./I., 12 g./l., and 8 g./l., respectively. 


Analytical Methods 


Determination of ammonia or amine. The com- 
plex (2 ml.) was added to a known excess of 
standard acid, and the residual acid was back- 
titrated with standard alkali. A correction for the 
amount of metal present in the solution was applied. 

Determination of copper in solutions. Either 10 
ml. of the concentrated solution or 50 ml. of a dilute 
reagent was placed in a 250-ml. iodine flask and the 
amine or ammonia boiled off. The copper oxide 
so formed was dissolved by adding 5 ml. of glacial 
acetic acid, and enough bromine water was added 
to destroy any nitrous acid which happened to be 
present. Excess bromine was removed by boiling 
until the solution gave a negative reaction with 
starch-iodide paper. The liquor was cooled, and 
the copper was determined iodometrically. 

Determination of copper on wool samples after 
treatment with copper ammine solution. After the 
sample had been washed thrice with 10 ml. of 
alcohol to remove excess ammonia, it was shaken 
in 5 ml. of 5% wt./vol. sulfuric acid for 15 min. 
and then washed with distilled water over a period 
of 24 hr. The sulfuric acid and the washings were 
collected together in an iodine flask, neutralized 
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with sodium carbonate, acidified with a few drops 
of acetic acid, and analyzed iodometrically. 


Absorption of Copper by Wool from Solutions of 
Various Copper Ammines 


The method adopted consisted in placing 50 ml. 
of the appropriate ammine solution in a 100-ml. 
conical flask fitted with a glass stopper. The 
solution was then left in a thermostat sufficiently 
long to attain the required temperature; then 
0.5 g. of wool, conditioned at 22° C. and 65% RH 
(dry weight 0.436 g.), was added. The flask was 
shaken so that the liquid completely covered the 
wool. The reaction was allowed to proceed for the 
appropriate time, the flask being shaken at 
intervals. After the appropriate time of treatment, 
25 ml. of the liquid was removed and analyzed. 
When the wool samples were required, either for 
direct analysis or for weighing, they were washed 
thrice in alcohol, as this reagent removes only 
excess ammine when used under the prescribed 
conditions. In each series of experiments, a 
control experiment was carried out to determine 
loss of ammines in the absence of wool. 
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Accessibility of Various Cellulose Preparations 
from Jute 
Dilip Kumar Roy Choudhury '! 


Technological Research Laboratories, Indian Central Jute Committee, Calcutta, 40, India 


Abstract 


Accessibility towards 2.4 N hydrochloric acid at 100° C 
has been determined for various cellulose preparations from jute. 


. under nitrogen atmosphere 
With the results of 


viscosity measurement in cuprammonium hydroxide solution of the hydrolyzed and 
unhydrolyzed material, leveling-off degree of polymerization has been determined and 
hence crystallite length calculated. The present study shows the effect of hemicellulose 
present in cellulose preparations on the accessibility and leveling-off degree of polymeri- 
zation and hence on the crystallite length due to different treatments of jute cellulose. 


Introduction 


Chemical reactivity should be a function of the 
degree of crystallinity, since it is only the amorphous 
regions that are reactive. 
and Weidinger [9], this correspondence is not 
exact enough for chemical methods to be an accu- 
In the use of chemi- 
cal methods to characterize cellulose structures, the 
terms ‘‘accessible’’ and ‘‘nonaccessible’’ have, there- 
fore, come into wide use; in direct contrast to 
the indefiniteness of crystallinity, the accessibil- 
ity of cellulose is an exact experimental quantity. 


According to Hermans 


rate measure of crystallinity. 


It represents the fraction of total cellulose present 
which is accessible to certain reagents under certain 
specified conditions. 

Various methods have been followed by different 
workers to find the accessible portions of cellulose. 
Of these the hydrolysis-oxidation method, intro- 
duced by Nickerson [16, 17, 18], was pioneering in 
the quantitative evaluation of order-disorder struc- 
Conrad and Scroggie [6] simplified the 
analytical technique of Nickerson. 


tures. 
Lovell and 
Goldschmid [11 ] measured the extent of hydrolysis 
by following weight loss in Nickerson reagent. 
Philipp, Nelson, and Ziifle [19] and Nelson and 
Conrad [15] followed weight loss in hydrochloric 
acid alone, then interpreted their results as concur- 
rent first-order reactions with greatly different 
rates in the crystalline and amorphous regions. 

1 Present address: Cellulose Research Institute, State Uni- 


versity College of Forestry, Syracuse University, Syracuse 10, 
New York, 


Meller [12 ] also used the weight-loss technique, but 
did not carry the hydrolysis beyond about 10-20% 
loss. He plotted his data according to zero-order 
kinetics, then extrapolated the straight-line portion 
to zero time to indicate the amount of accessible 
cellulose. All of these methods yield similar values 
for the noncrystalline fraction. 

In the present investigation, the accessible por- 
tions in the various cellulose preparations from 
jute have been determined by the method of acid 
hydrolysis. The rate plots have been resolved in 
accordance with Meller; i.e., extrapolating the 
straight part of the curve to the ordinate, which 
represents the percentage of easily accessible com- 
ponents in the fibers. The resolving of the rate 
plots in this manner was justified by Meller in his 
paper from the results of the hydrolysis of the hy- 
drocellulose samples, the rate plots of which are 
reasonably straight lines for almost the entire range. 
Accordingly, the rate-determining step in the re- 
action with the difficultly accessible components in 
the fibrous cellulose samples may be considered, 
within experimental range investigated, as kineti- 
cally zero-order reaction. Although opinions about 
the order of the reaction are still at variance, we 
have adopted Meller’s method. The crystalline 


fractions derived from a first-order plot is anyway 
very close to that found from the zero-order plot. 
Changes in degree of polymerization (DP) have 
also been found from viscosity measurements in 
cuprammonium hydroxide solution of the cellulose 
before and after hydrolysis at different intervals of 


time. The relatively constant degrees of poly- 
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merization reached under identical condition of 
acid hydrolysis (leveling-off DP) have been deter- 
mined to measure the crystallite length. Such 
measurements with hydrolysis residues from cotton 
having DP’s of about 100 by Davidson [8], Bat- 
tista and Coppick [2], and Nickerson and Habrle 
[17, 18] have been in reasonable agreement. The 
results of the present experimental findings show 
the effect of hemicellulose present in cellulose pre- 
parations from jute on the accessibility and leveling- 
off DP and hence on the crystallite length due to 
different treatments on jute cellulose. 


Experimental 


Materials 


A good quality jute (J-4144), practically free 
from bark and specks, was cleansed mechanically, 
cut into very short lengths, and extracted with a 
mixture of alcohol: benzene (1:1 by volume) for 6 
hr. in a Soxhlet apparatus to remove natural fat 
and wax. Holocellulose was prepared from this 
with 0.7% sodium chlorite solution at pH 5.2-—5.6 
at the boiling water bath for 2 hr. (fiber: liquor 
ratio 1:50), according to the method of Sarkar et 
al. [3]. Cellulose was also prepared by the Cross 
and Bevan method. Mercerized cellulose was pre- 
pared from these products with 17.5% (wt./wt.) 
caustic soda solution at room temperature, accord- 
ing to the ACS method slightly modified [21 ]. 
Chlorite holocellulose was also treated with 9.3% 
(wt./wt.) caustic soda solution [23] under nitrogen 
atmosphere. Absorbent cotton (B.C.P.W., India) 
was purified by Corey and Grey’s method [7 ]. 

Hydrochloric acid (Merck; reagent grade) was 
used in the experiment. Nitrogen, freed from oxy- 
gen by passing through a series of towers containing 
alkaline pyrogallate solution, was bubbled through 
the reaction flask from a cylinder. 


Methods 


The acid hydrolysis was carried out in the fol- 
lowing way. Samples of cellulose preparations 
(1 g.) were taken in 500-cc. standard joint F.B. 
flasks fitted with condensers and nitrogen bubblers. 
Each sample was tested for moisture content sep- 
arately on the date of experiment. Hydrochloric 
acid (200 cc., 2.4 N) was then added. The flasks 
were shaken to disperse the fibers in the acid. A 
rapid stream of nitrogen was then bubbled through 
the series of flasks for about 15 min. After that, a 
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slow stream of nitrogen was passed through the 
apparatus. Boiling water was then po ed into 
the pan in which the reaction flasks were kept and 
the time was noted. Vigorous boiling of the water 
was maintained during the reaction. The flasks 
were shaken from time to time. At different 
predetermined lengths of time, flasks were taken 
out and cooled in an ice-water bath and quickly 
filtered through preweighed sintered glass crucibles. 
The residues were washed thoroughly, first with cold 
water and finally with boiled water till it was acid- 
free as indicated by B.D.H. universal indicator. 
The hydrolysis residues were then dried in a steam 
oven and finally in an air oven at 105° C. for about 
6hr. To avoid the regain of moisture by the dried 
hydrolysis residues during weighing, sintered glass 
crucibles were placed in airtight weighing bottles 
and weighed in a Mettler balance. These residues 
were kept in a desiccator for determining viscosity. 


Measurement of Leveling-Off Degree 
of Polymerization 


Viscosity measurements of samples of hydrolyzed 
and unhydrolyzed cellulose preparations were made 
according to Clibbens and Geake [5] in cupram- 
monium hydroxide za: 4 
B.C.1.R.A. standard capillary viscometers. 


solution at using 


The 


viscosities were converted to degrees of polymeriza- 
tion by using the formula [1] DP = 2160 [log 


(n» + 1) — 0.267] for celluloses having a DP 
greater than 300. For cellulose with DP less than 
300, ».p/¢ = [], where [7] is the intrinsic viscosity 
at infinite dilution. For hydrocelluloses with DP 
less than 300, therefore, the Kraemer constant [10 ] 
is applicable; i.e., DP = 260 X »,,/c, where c rep- 
resents concentration in grams per 100 millimeters 
of solution. 

In this experiment, viscosities were determined 
on solutions having a concentration of 0.5% or 1%, 
according to whether the DP of the cellulose is 
greater or less than 300. 

Crystallite length has been calculated by multi- 
plying the value of leveling-off DP by 5.15 A, the 
length of a B-anhydroglucose unit [13]. 


Results and Discussion 


Loss in weight of the cellulose sample, due to 
hydrolysis after different intervals of time, is shown 
in Figure 1. The accessible portions of different 


cellulose preparations have been calculated from the 
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intercepts of the straight parts of the curves on the 
ordinate and are shown in Table I. The results 
show that chlorite holocellulose has the largest ac- 
cessible portion. This is due to the presence of the 
largest quantity of hemicelluloses [23] in it. 
Chemical and physical studies [4] of jute cellulose 
have revealed that these hemicelluloses mainly re- 
side in the disorganized (i.e., accessible) regions. 
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Fig. 1. Hydrolysis of cellulose preparations from jute. 
1—Chlorite holocellulose, 2—Cross and Bevan cellulose, 
3—a-cellulose from chlorite holocellulose, 4—mercerized 
cellulose from Cross and Bevan cellulose, 5—chlorite holo- 
cellulose treated with 9.3% caustic soda solution under N2 


atmosphere, 6—purified absorbent cotton. 
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Fig. 2. Variation in DP with time of hydrolysis. 1— 
Chlorite holocellulose, 2—-Cross and Bevan cellulose, 3 
chlorite holocellulose treated with 9.3% caustic soda solution 
under N,» atmosphere, 4—purified absorbent cotton, 5—ae- 
cellulose from chlorite holocellulose, 6—a-cellulose from Cross 
and Bevan cellulose. 


TexTILE ResEARCH JOURNAL 


Of all mercerized celluloses from jute, chlorite 
holocellulose, treated with 9.3% (wt./wt.) caustic 
soda solution in a nitrogen atmosphere, has the 
smallest accessible portion, approximately equal 
to the value of purified cotton. This is because 
9.3% caustic soda solution cannot swell the fiber 
so much and hence cannot change the fine structure 
of cellulose I to that of cellulose Il (mercerized 
cellulose) which is obtained by the treatment of 
17.5% (wt./wt.) caustic soda solution, although it 
removes almost all the hemicelluloses from the 
holocellulose. 

Changes in the DP with time of hydrolysis are 
plotted in Figure 2. These data show that the 
DP tends to level off at a higher value under the 
present condition as the hemicellulose content in 
the cellulose samples increases. However, in the 
case of chlorite cellulose and Cross and Bevan cellu- 
lose, DP values do not reach a constant value at the 
stage at which hydrolysis was discontinued. Still, 
it may be supposed that DP will ultimately level 
off at a fairly high value after continued hydrolysis. 
In the present analysis, the DP values of those two 
samples, after 6 hr., were taken approximately to 
be constant. Hemicelluloses prevent the acid 
penetration to some extent and protect the cellulose 
from chain The protective action of 
hemicellulose has also been reported by Roudier 
[22], who observed that straw pulp containing 
hemicellulose had suffered less degradation in DP 
than cotton linters on boiling with alkali (12%). 
Mercerized cellulose samples level off at a low value 
due to the removal of hemicellulose and strong 
swelling action of the caustic soda solution, causing 
increased amount of disordered regions. Chlorite 


scission. 


TABLE I. Accessibilities and Crystallite Lengths of 
Different Cellulose Samples 


Crystallite 
Leveling- length,A Accessi- 
off (levelling-off bility, 
DP DPX5.15) % 
1860 27 
1600 12 


Sample 

Chlorite holocellulose 361 
Cross and Bevan cellulose 311 
Mercerized cellulose 

(from chlorite holocellulose) 100 515 10 
Mercerized cellulose 

(from Cross and Bevan 

cellulose) 103 
Chlorite holocellulose 

treated with 9.3% caustic 

soda solution under Ne 

atmosphere 
Purified absorbent cotton 
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cellulose, treated with 9.3% (wt./wt.) caustic soda 
solution, levels off at the same DP as purified cot- 
ton, but at a higher value than the levelling-off 
DP of the mercerized celluloses. The higher value 
is due to the fact that 9.3% caustic soda solution 
cannot swell so much and change the cellulose 
structure, but only removes the hemicellulosic 
constituents. From the x-ray study [4] of the 
above cellulose, it has also been observed that the 
structure of this cellulose is the same as that of 
purified absorbent cotton. 

In Table I, the values of crystallite lentgh, as 
calculated from leveling-off DP for different cellu- 
lose preparations, are also given. It is observed 
that the maximum crystallite length (1859 A) is 
obtained for chlorite holocellulose and minimum 
(500 A) for mercerized cellulose. This minimum 
value is almost equal to that of regenerated cellu- 
lose (500—600 A), as obtained by Ranby and Ribi 
[20] from electron microscopic measurements. 
The crystallite length of Cross and Bevan cellulose 
is nearly equal to that of cotton and wood pulp 
[14]. 
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The Effect of a Surface Barrier on Uptake Rates 


of Dye into Wool Fibers 
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Abstract 


It is shown that any surface barrier to the entry of a dye into a fiber must modify 
the form of the uptake—time relation, the barrier exerting its greatest influence in the 
early stages of sorption, but becoming progressively less important as sorption proceeds. 
This is manifested by an initially concave-upwards tendency in the uptake-time?! curve. 
The analysis, which takes account of variable diffusion characteristics of fibers forming 
the assembly, is applied to the uptake of Naphthalene Orange G by wool, and a small 
but definite effect is found, which could for instance be attributed to the epicuticle. 


Introduction 
Rates of dyeing are generally believed to depend 
on the penetration of the dye into the interior of 
the fiber as a result of Fickian diffusion. When the 
theory is applied in a form applicable to uniform 
The plot 
of uptake versus the square root of time should be 


cylinders, however, discrepancies arise. 


initially linear and remain so over most of the curve, 
but in fact this is found to be true in the middle 
region only; the first part exhibits pronounced 
upward curvature. In many experiments pene- 
tration delays may have arisen from inadequate 
circulation of solution through the packed mass of 
fibers, but the initial nonlinearity remains after all 
reasonable precautions to avoid this have been 
taken. Furthermore, the stage of sorption char- 
acterized by ring dyeing does not correspond very 
well in time to the straight-line portion of the 
curve. For these reasons, Shinkle [10] has sug- 
gested that mechanisms other than diffusion may 
be involved. He points out that complications are 
to be expected as the result of the heterogeneities 
of actual fiber assemblies and concludes that the 
straight-line portion of the curve is connected with 
diffusion only by chance, if at all. 

However, no allowance is normally made in the 
theory for the effects of a surface barrier, and this 
does appear to be important [1]. The main role 
is usually ascribed to the epicuticle, because Lind- 


' Present address: Physics Department, Wool Industries 
Research Association, Torridon, Headingley, Leeds, England. 


berg (5, 6] showed that alcoholic-potash treatment 
designed to destroy or modify this very thin mem- 
brane greatly increases the rates of uptake of both 
inorganic acids and dyes. Similar effects result 
from chlorination and ultraviolet irradiation of the 
fibers, which also modify their frictional and felting 
properties. However, these treatments are liable 
to affect the interior as well as the surface, and 
both kinds of attack might influence the dyeing 
rate. On the basis of a diffusion mechanism, one 
may hope to distinguish between these possibilities, 
for it would then seem reasonable to suppose that 
a surface barrier must exert its greatest control in 
the early stages of uptake, whereas the bulk prop- 
erties of the fiber must become progressively more 
Accordingly, 
the diffusion theory has been extended to take 
account of a surface barrier with small capacity for 
dye. The aim has been to see first whether this 
modified theory can explain in detail the initial 
departure from nonlinearity of the experimental 
relationship between uptake and time? and, if so, 
to separate and evaluate the surface and bulk fac- 
tors controlling penetration. 


important as penetration proceeds. 


Theory 
Homogeneous Solid with Surface Barrier 


it will be assumed that there is a constant con- 
centration of diffusing substance external to the 
surface, and also that the time constants involved 
in any internal reactions accompanying sorption are 
very short. 


Then, provided penetration has not 
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proceeded to the stage at which the concentration 
at the center has changed appreciably (and in fact 
‘“‘semi-infinite’’ behavior is well maintained until 
the system is well on the way to final equilibrium 


[4 ]), we have 
= 2 (2)' (1) 


T 


q(t) 
Cm 


the solution for the boundary conditions ¢ = 0, 

= 0 at all points inside the surface, and t > 0, 

= Cy just inside the surface, where q(t) is the 
amount sorbed per unit area of surface at time /, 
C is the internal concentration, Cy is the internal 
equilibrium concentration, and D is a mean diffu- 
sion coefficient in the range 0 < C < Cy, which 
may be treated as a constant in the derivation of 
Equation 1 [3]. 

Equation 1 is the solution for no surface barrier, 
and the corresponding uptake—time curves are des- 
ignated by B in Figures 1 and 2. They are respec- 
tively a straight line plotted against time! and a 
parabola plotted against time. 

In the presence of a surface barrier which can 
sorb a negligible quantity of diffusing substance 
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Fig. 1. Penetration of dye into a fiber plotted against 
time! for the following cases. A—theoretical curve for up- 
take through surface barrier, with experimental points for 
virgin Merino wool. a—asymptote to A. B—theoretical 
curve for uptake without surface barrier, with experimental 
points for abraded Merino wool. C—experimental curve for 
rough keratin (cow’s horn) membrane. 
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(e.g., the thin epicuticle of a wool fiber), a new 
boundary condition must be imposed as a conse- 
quence of the continuity of flow across the inside 
surface of the barrier. 

Let D, be the diffusion coefficient in the barrier 
layer, C, the equilibrium concentration in the bar- 
rier layer, S = C,/Cm the partition coefficient of 
the diffusing substance between the barrier and the 
bulk of the material, and 6 the thickness of the 
barrier. 

Consider the concentration C, at a point just 
beyond the inside surface of the barrier. 


Flow through barrier 


( Ch sat SC,) 


= D, 3 


= a(Cy — C,) 

where a = D,C,/iCm represents the ‘‘admittance”’ of 
the barrier. The flow into the interior is — DdC/dx, 
so that when t > 0, —DdC/dx = a(Cm — C,) is 
the new boundary condition. 

If a/D is constant, the problem is formally the 
one dealt with by Crank in connection with ‘‘sur- 
face evaporation.”’ Again restricting ourselves to 
the semi-infinite case, the solution is [2 ] 
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Effects of variations in penetration characteristics 
among fibers of an assembly (arbitrary units). 


This solution may be expanded in two forms, 
respectively suitable for examining the initial and 
ultimate behavior: 


4 at! 
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T 
+ O(t-!) + ++: 


Hence q(t)/Cu — at ast 0 and q(t)/Cu + D/a— 
2(D/r)'th ast > @. 

Thus we see that the initial uptake varies linearly 
with time; ultimately, however, the uptake varies 
linearly with time! and the behavior tends to be- 
come identical with the behavior in the absence of 
any surface barrier (cf. Equation 1). The uptake— 
time! curve is plotted in Figure 1 (Curve A); it is 
asymptotic to a straight line whose intercept on the 
uptake axis is — D/a and whose slope depends. only 
on D, the diffusion coefficient in the bulk of the 
solid. It is initially concave upwards (parabolic). 
The uptake—time curve is plotted in Figure 2 (Curve 
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A); it is initially a straight line whose slope is gov- 
erned solely by a, the “‘admittance’’ of the surface 
barrier. It will be observed that there are two 
independent methods of calculating a from experi- 
mental data: the initial slope method, based essen- 
tially on early observations, and the asymptote 
intercept method, based on later ones. 

The factor q(t)/Cm has the dimensions of length 
and is loosely related to the depth of penetration ; 
by using it as the uptake ordinate one may compare 
results obtained on different sizes and shapes of 
absorbing material and also between different con- 
centration intervals. The mean depth of penetra- 
tion must, of course, be considerably greater than 
q(t)/Cm, especially when a surface barrier exists. 


Application of the Theory to Wool Fiber Assemblies 


We are concerned only with the early stages of 
sorption, during which penetration is presumably 
incomplete; therefore it is not necessary to take 
account of variations in fiber radius. The assump- 
tion will be made that, as far as total uptake into 
the fiber is concerned, it is a satisfactory approxi- 
mation to ascribe to the interior of the fiber an 
overall diffusion parameter D defined by analogy 
with a uniform solid. It is probable that most 
types of internal nonuniformity arising from fine 
structure etc. do not invalidate this assumption ; 
our experiment provides a test of this. However, 
such internal heterogeneity tends to reduce the 
spatial significance of q(t)/Cw still further, so that 
correlation with microscopically observed ring dye- 
ing is not to be expected. 

In practice it is usually found that individual 
fibers in the same lock dye at different rates, and 
there may even be differences along an individual 
fiber. Neglecting lateral diffusion from heavily 
dyed to lightly dyed regions, we can take account 
of variations in both the surface and bulk diffusion 
parameters, which together control penetration, by 
summing Equation 2 over appropriate distributions 
of D and a. Figure 3 shows uptake curves for 
arbitrary systems of this nature; it illustrates the 
fact that remarkably wide distributions can occur 
without causing much alteration in the shape of the 
curve. The apparent values for D and a as deduced 
from the asymptote to the integrated curve repre- 
sent useful averages for all the fibers in the assem- 
bly. Computations in Figure 3 are as follows. 

Curve 1: Standard curve for an assembly of uni- 
form fibers with a = 22.2, D = 22.2. 
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Curve 2: a, constant, equals 25. D varies from 
0 to 50 according to the distribution shown in the 
inset. The curve actually lies higher than Curve 1 
by a maximum of 10% as t! + 0, but no,attempt 
to show this discrepancy is shown on the plot, for 
it falls rapidly as t! increases, and for t! > 0.1 the 
two curves are to all purposes superimposed. dmean 
deduced from the asymptote intercept is lower than 
the constant value of a by 10%, and Dinean deduced 
from the slope is the square of the mean square root. 

Curve 3: a and D both vary according to the 
same distribution, but with the ratio between them 
being kept constant and equal to unity. The result 
lies even closer to the standard Curve 1 than does 
Curve 2. mean deduced from the intercept is 10% 
lower than the arithmetic mean, and Dy, o, is the 
square of the mean square root. 

Curve 4: This curve corresponds to the case in 
which 20% of the fibers have been completely 
stripped of surface barrier (i.e., a = infinity), and 
the remaining 80% correspond to Curves 1-3. The 
curve for uniform fibers which corresponds to the 
asymptote for this nonuniform assembly has not 
been plotted, but would fit well except for small ¢!. 
Here the deviation is serious; the initial slope of 
the curve is no longer zero; i.e., the initial rate of 
uptake tends to infinity, this being a consequence 
of the fact that the arithmetic mean value of a is 
infinite. The asymptote intercept does, however, 
give a good average value for 1/a which might be 


taken to represent the average resistance or approxi- 
mate thickness of the epicuticle. 


Experimental 


The experimental data needed for comparison 
with the above theory were obtained by studying 
the take-up of Naphthalene Orange G free acid by 
keratin film and fibers from N/2000 solution, pay- 
ing particular attention to the changes occurring in 
the very early stages of sorption. Rates of sorption 
were therefore made very slow by working at 
29.3°C. Diffusion rates for this dye do not seem 
to be very concentration-dependent [8 ]. 

The apparatus is shown in Figure 4; it is essen- 
tially a conductivity cell in which the solution 
circulates through the plug of wool W. Metal 
bellows B, flexed by a rotating cam C, are coupled 
to the apparatus through O and operate the glass 
valves G; circulation rates of several hundred milli- 
liters per minute are obtainable in this way. The 


Fig. 4. Circulating conductivity cell for dye uptake ex- 
periments. B—metal bellows. C—cam. O—bellows con- 
nection. G—valves (flat glass disks). _W—wool sample (0.5 
g-). P—conductivity plates. 
amount of dye taken up by the wool is measured by 
observing the change of conductance of the solution 
between plates P with a Wayne Kerr Universal 
Bridge B221. With a well controlled water bath 
this method has the advantage of great sensitivity, 
since concentration changes can be followed to 
better than 1 part in 1000, but it necessitates the 
preparation of solutions uncontaminated by im- 
purities, particularly mobile anions such as Cl etc. 
which would accompany hydrogen ions into the 
wool and indicate too high an uptake of dye. Ex- 
tensive counterchecking by optical density meas- 
urements has therefore been necessary. 


Materials 


The samples used were root ends of pen-grown 
Merino wool of mean diameter 21 y, soxhleted with 
petrol ether and thoroughly washed with water. 
Some samples were severely abraded by rubbing a 
few wet fibers at a time between ground glass sur- 
faces, washing them well after abrasion. Tests 
were also performed on a thick rough-ground horn 
keratin membrane prepared by methods described 
elsewhere [12 ]. 

Commercial Naphthalene Orange G (1.C.1.) was 
precipitated with BaClk, filtered, and washed. The 
precipitate was treated with a calculated quantity 
of H.SQO,, and the precipitate evaporated almost to 
dryness. The concentrated mother liquor, which 
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contained negligible quantities of SO, 
was decanted. 


or Bat*, 
Wool when placed in solutions de- 


rived from the mother liquor caused conductance 
and optical density to fall in exact proportion. 


Subsidiary Experiments and Procedure 


Valid results can be obtained only if certain re- 
quirements are met by the experiment. First and 
foremost, circulation must be such that the concen- 
tration of dye in the solution presented to the 
absorbing surfaces must not be appreciably lower 
than the average. This problem is most acute at 
the commencement of each solution run, when the 
rate of uptake by a homogeneous solid tends to 
infinity; there must be an upper limit to the rate 
at which dye can be transferred from the external 
solution which may be represented as a resistance 
in series with that of the surface barrier under inves- 
tigation ; the former must be proved comparatively 
small. This was done (a) by showing that rates 
of uptake were unaffected by changes in the pump- 
ing speed (cf. Vickerstaff [11]), (b) by showing 
that hydrochloric and picric acids may be absorbed 
many times more rapidly than is the Naphthalene 
Orange G used in the main experiments, from solu- 
tions of comparable normality (the differences are 
too great to be accounted for by the diffusion coeffi- 
cients in solution), and (c) by comparing probable 
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Fig. 5. Penetration of dye into a fiber plotted against 
time’; experimental curve for virgin Merino wool for longer 
times than shown in Figure 1. 
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orders of magnitude of diffusion coefficients in solu- 
tion and in the solid (cf. Wright [13 ]). 

Complete wetting is essential. This is best 
achieved by boiling under the water pump followed 
by immersion in air-free distilled water which dis- 
solves any residual air. Runs can be started by 
transferring the fibers, immersed in a few milliliters 
of water, to the circulating apparatus containing 
dye, correcting the conductance for the amount of 
water added. A small discrepancy usually occur- 
ring between the zero reading so calculated and the 
zero obtained by extrapolating below the first read- 
ing taken after 1 min. could be due either to a 
residual mobile impurity or a surface adsorption 
effect. The extrapolated zero has been used in 
plotted results. It is possible to wet the fibers 
thoroughly in distilled water in the circulating appa- 
ratus itself (thus avoiding the risk of introducing 
air in the transfer operation) and to start the run 
by rapidly mixing in a few drops of concentrated 
dye acid. 

It was not practicable to proceed to equilibrium 
in runs performed at 29.3° C. because of the long 
time required, so penetration calculations have been 
based on an estimated equilibrium uptake of 0.7 
mequiv./g. of dry fiber from a solution of normality 
4.25 x 10-* [8]. 

The normality of the external solution was main- 
tained approximately constant during runs by small 
additions of concentrated acids. 


Results and Discussion 


The form of the uptake—time relations for virgin 
wool is in good agreement with theoretical require- 
ments for a nonabsorbent barrier, as is shown by 
the fit of the experimental points in Figures 1 and 2. 
The experimental curve over a comparatively long 
time! range is given in Figure 5 and has a substantial 
portion which is linear. This gives the slope and 
approximate position of the asymptote. A first 
plot of Equation 2 was made to correspond to the 
slope of this asymptote and the intercept then 
slightly adjusted to obtain a fit at #4 = 18 (min.)}, 
with the result shown in Figure 1. The re-plot in 
Figure 2 shows that the experimental points for 
small times conform well to the predicted initial 
slope. This indicates that the barrier is intact over 
most of the surface area of the fibers; otherwise the 
initial rate of uptake would be very much higher 
(Curve 4, Figure 3). 
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From the asymptote intercept 


= = 2.3 X 10-5 cm. 


From the asymptote slope 


_ ae? PO re 
24/2 = 02 -10-° cm./min. 


D=4 X 10-" cm.?/min. 
_ DiC, 
6Cu 


whence 


= 1.7 X 10-7 cm./min. 


Thus, for instance, if the barrier consisted of an 
epicuticle of thickness 6 = 10-* cm. 


DiC, _ 1 
DCu 25 

The present results suggest that the barrier con- 
trols the initial rate of strike of the dye but ceases 
to be of much importance when penetration has 
taken place to appreciable depths. Unlevelness 
arising from the barrier cannot-involve differences 
in dye uptake greater than the asymptote inter- 
cept, which corresponds to about 5% of the total 
capacity of the fiber. Any fiber treatments (boiling 
water, irradiation, alcoholic KOH, etc.) which are 
found to affect the rate of uptake in the later stages 
must produce their effects in the bulk of the fiber. 

The crucial difference in behavior between cases 
in which a barrier exists and those in which it does 
not is illustrated by comparing the initial uptake 
rates for virgin wool with those for abraded fibers 
and horn keratin. The former is finite, but the 
latter tend to extremely high values. The surface 
barrier appears to have been destroyed on the 
abraded wool, or at least a large area of keratin 
exposed over which no barrier exists. The experi- 
mental points were fitted to Curves B in Figures 1 
and 2 on the assumption that the bulk diffusion 
coefficient is the same as in the virgin wool but 
that the available surface has been increased by a 
factor of 2.5. (Abrasion increases the ultimate rate 
of uptake by this factor.) 

The behavior of thin horn keratin sheet is anoma- 
lous in that the uptake curve with respect to time! 
(Curve C, Figure 1) is initially concave downwards. 
This effect is believed to be due to the rough or 
porous nature of the surface, remarked upon else- 
where [7]. The surface irregularity would appear 
to extend to a depth of the order of 1 wu, to judge 
by the intercept of the asymptote in this case. 
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Similar curves have been obtained in a study of the 
uptake of amylbenzene-sulfonic acid by horn kera- 
tin in using tracer methods [9]. However, the 
limiting slope with respect to time! indicates a bulk 
diffusion coefficient for horn of a much higher order 
than for virgin wool. This is believed to be due, 
at least in part, to the methods used for preparing 
the membranes, which included boiling in water. 
It is known from work still in progress that such 
a treatment would greatly increase the uptake rate 
for wool. 

Although the experiments reported have not been 
performed at temperatures much in excess of room 
temperature, Peters and Lister [8 ] have published 
uptake—-time? curves for the same dye acid (Naph- 
thalene Orange G) by wool at 80° C. and obtained 
substantially the same results as regards the initial 
departure from linearity. 
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Abstract 


Variation of force with time in water for single wool and hair fibers stretched at 
both 10% and 40% extension was measured at various temperatures between 20° C. 
and 100°C. It was shown that at 100°C. and 40% extension the force after 1 hr. 
(the remanent force) was mainly elastomeric, and that between 60° and 70° C. a second 
order transition occurs for the stretched wool fiber in water. Chemical treatments 


which accelerate or retard the ability of a fiber to permanently set also reduce or in- 


crease the value of the remanent force in the fiber. 


Introduction 


When a wool fiber [2] is held extended in water 
heated to a temperature greater than 70°C. for a 
period of 1 hr., it acquires ‘‘permanent set”’; that 
is, set (or strain) which is not removed by releasing 
the fiber slack in heated water for a further period 
of time. In a previous paper [3] it was pointed 
out that the process of permanent set involved 
initially the breakdown of weak and strong polar 
bonds, followed by a formation of bonds with the 
fiber in a strained state. The part played by the 
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Fig. 1. 


Diagram of apparatus for determining the force in a 
single wool fiber during the setting process. 


formation of covalent links in the setting process 
was considered to be small. 

To further assess the rate of bond breakdown 
during setting, the variation of the stress in single 
fibers with time during setting in distilled water at 
various temperatures was measured. This meas- 
urement was carried out on various unmodified 
fibers to see the effect of diameter variation and on 
chemically treated fibers to gain more information 
relative to the bonds involved in the permanent 
setting process. An attempt was made to estimate 
the part played by entropy in the set fiber. 


Experimental Technique 


A schematic representation of the experimental 
setup used to measure the force in a single fiber 


Time (Menvtes) 


Fig. 2. Stress in a single wool fiber plotted against time 
after straining to 40% at 100° C. for four typical fibers sub- 
jected to various treatments as shown on the diagram. 





May 1959 


during the setting process is shown in Figure 1. 
The fiber is in the form of a loop with the two ends 
brought together and held by a tapered plug (P). 
The loop is passed over the hook (H), which is 
directly coupled to a force sensitive transducer, a 
resistance bridge type manufactured by Statham 
Instruments. The bridge is balanced at zero load, 
and when a load is placed on the transducer an out- 
of-balance potential is obtained which is directly 
proportional to the load. This potential is recorded 
continuously on the Potentiometric chart recorder. 
The transducer is mechanically fixed to the top of 
the stretching frame (F), which can be adjusted to 
give the required strain to the fiber. The top of 
the stretching frame seals the water inside the glass 
container. To prevent loss of water during heating, 
all the water is refluxed by a condenser. The con- 
nection (C) between the transducer, through the 
top of the stretching frame to the hook over which 
the fiber is looped, clears the hole in the top of the 
stretching frame by 4 in. all round. This clear- 
ance is sealed during operation by a water drop. 
The water in the apparatus is electrically heated by 
a controlled resistance coil (not shown). 

The looped fibers were manually stretched to the 
required strain by opening out the stretching frame ; 
once the required strain is obtained, the frame is 
held in this state by tightening up the thumbscrew 
T. The operation of straining the fiber is carried 
out in water and takes about 10 sec. 

Except for the data shown in Figure 3, the wool 
fibers used in the experiments were from penned 
Corriedale sheep, hand-fed for uniformity of growth 
and supplied to this laboratory by the Sheep Biology 
Laboratory of the C.S.I.R.O. The cross-sectional 
area along individual fibers has a variance of 5%. 


Experiments and Results 
Stress—Relaxation and Diameter of the Fiber 


In order to detect any difference that may exist 
with variation of diameter in the stress—relaxation 
of single wool (and hair) fibers strained 40% in 
distilled water at 100° C., fibers with diameters 
over a range of about 20 to 100 microns were used. 
Curve A in Figure 2 shows a typical stress—relaxa- 
tion for a single fiber of 50 «4 diameter. The aver- 
age value of the stress in a single fiber after 1 hr. 
was found to be 1.43 & 107 dynes/cm.? with a vari- 
ance of 0.08 X 10’ dynes/cm.”. This average and 
variance were calculated from results for all fibers 
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tested, irrespective of their diameters. The tend- 
ency, as indicated by the points in Figure 3, was 
for the stress to be a little lower for small diameters 
and a little high for the larger diameter fibers. 
However, the difference is insufficient without a 
very much larger range of readings for a definite 
assessment of this trend. The variance of the 
measurements of fiber diameters is of the order of 
5%, which alone could considerably upset this 
assessment. 

The time for the stress in a single fiber to fall 
during the stress-relaxation by a factor (1/e) in 
water at 100°C. was called the time constant of 
the curve. This time constant ‘‘r’’ was measured 
from the curves obtained. The values of 7 were 
between 14 and 35 sec. and showed no correlation 
with fiber diameter. 


Entropy and the Setting Process 


The stress in a single fiber during setting at 40% 
strain in distilled water at 100° C. falls rapidly in 
the first 10 min. (see Figure 2) and after 60 min. 
reaches the small but definite steady value men- 
tioned previously of 1.43 K 107 dynes/cm.? This 
final equilibrium stress will be referred to as the 
remanent stress of the fiber for the conditions of 
strain and temperature mentioned. It has been 
suggested in a previous paper [3] that, during the 
setting process, stressed bonds are broken, but some 
reform in equilibrium with the strain at which the 
fiber is held during setting. These latter bonds 
will not contribute to the stress while the fiber is 
extended. In order to evaluate the component of 
the remanent force (if any) due to entropy, single 
fibers held strained at 100°C. for 60 min. were 
rapidly transferred into water generally below room 
temperature and the new values of the stress in the 
fibers noted. 
nite drop with drop of temperature. 
that the forces due to unbroken bonds are inde- 
pendent of temperature (usually a slight increase 


Invariably the stress showed a defi- 
Assuming 


in such force would be expected with drop of tem- 
perature), the drop in force with temperature must 
be due to forces produced by entropy; i.e., purely 
elastomeric forces. For a strained elastomer the 
stress falls proportionally with absolute tempera- 
ture. It follows therefore that an elastomer at a 
fixed strain and at an absolute temperature 7) with 
a stress S, will have a stress of S,. for the same 
strain at a temperature 7, given by 





TEXTILE RESEARCH JOURNAL 


Fig. 3. Remanent force in 
single fibers after 1 hr. held at a 
strain of 40% in water at 100° C. 
plotted against fiber diameter 
for four different types of fiber as 
shown on the diagram. 
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Fig. 4. Remanent stress in single wool fibers, held at two 
strain levels, after 1 hr. in water, plotted against the water 
temperature. 


(1) 


If, however, the stresses S, and S. consist of two 
components, one due to entropy proportional to 
absolute temperature and the other a fixed quan- 
tity S, we can represent S, and S, by 


Sr = § bt aT), (2) 


| 


030 «O40 050 060 OF CB00s010 20 


and 


S.= §+ aT, 
Then 


where a is a constant. 


( Sa =) 
S. 


S&-S, _(%-T. 
S. = Xx ar 


ie 

~ S+atl. 
the fiber at temperature 7. contributed by entropy. 
In Table I x has been tabulated for a number of 
typical cases of remanent stress in fibers set either 
at 40% or 10% extension and at 100° C. 
70°C. 
are significant only to a value of 0.2 (as limited by 
the recorder), making the value of (S, — 
tremely inaccurate. 


_ a(T, — T-) 
TEE a ae 


(4) 


where x , the fraction of the stress in 


or about 
The values of .S;, and S. as shown in Table | 


S.) ex- 
However, inaccurate as the 
estimates of the values of x are from these figures, 
it appears clear that a major part, if not all, of the 
remanent stress for a strained fiber held at 40% 
extension for 1 hr. at 100°C. is due to entropy 
(i.e., x = 1) and very little, if any, stress remains 
due to strained unbroken bonds. Further, the 
value of the remanent stress, 1.43 X 10’ dynes 

cm.?, is of the right order for stress due to entropy. 
The value of Young's Modulus [4 ] of a fully super- 
contracted wool fiber in 8 M LiBr solution is 
= 9 X 107 dynes/cm.?_ In this case all the stress 
produced on stretching was due to entropy only. 
However, when bonds are stretched (even weak 
hydrogen bonds), the value of Young’s Modulus is 
greater than 10'° dynes/cm.? Peters’ estimate [5 ] 
for Young’s Modulus of stretched hydrogen bonds 
in keratin is 3.96 X 10! dynes/cm.? 
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TABLE I. 


407 


Typical Relation of Remanent Stress Obtained During the Setting of a Single Wool Fiber at a Fixed Strain and 


the Stress in the Same Fiber at the Same Strain When the Temperature is Suddenly Reduced. The Units 
of Stress Indicated are Arbitrary (Direct Measurements off the Recorder) 


Remanent 
stress 
S), at 

temp. ty 


Extension Temperature 
during of set, 
setting, th, 

% we 


Temp. to 
which fiber 
dropped, ¢., 

os 


40 100 3.6 5.0 


40 100 5.5 3.4 
40 5.7 3.5 


40 19.6 2.8 
40 20.1 1.9 
13.4 4.4 

2.6 5.0 


100 30.5 6.2 


64.6 6.1 
66.3 4.8 
68.5 5.0 
10 69.8 3.4 
10 66.0 7.0 
10 70.2 2.6 


14.0 
14.0 
18.9 
21.0 
22.6 
20.2 


S. stress to 
which S), 
drops at ee: S, — S. 
temp. ft, S Li 


3.6 
2.7 
2.8 
2.0 
1.6 
3.6 0. 


) 
4.0 0.29 


2 
5.0 0.24 


0.1, 
*) 
0.19 
18.3 0.0 
20.4 0.0. 
22.0 0.0 
19.6 0.0 


12.4 


12.7 


* T. and T) are the absolute temperatures corresponding to ¢, and ¢4. 


+ The fraction al represents the estimation of the proportion of the stress due to entropy. 


The Effect of Temperature on Remanent Stress 


The remanent stress for single Corriedale fibers 
after 1 hr. in distilled water was measured for 
varying temperatures of setting at a strain of 40% 
and the average value at each temperature plotted 
against the temperature (see Figure 4). The aver- 
age remanent stress drops rapidly from 54.4 x 10’ 
dynes/cm.? at 20°C. to 9.8 K 107 dynes/cm.? at 
60°C. Between 60° C. and 100° C. its value falls 
to 1.43 X 107 dynes/cm.? at 100°C. 
40° C. and 100° C. the remanent stress can be ex- 
pressed (see Figure 5) by the equation 


Between 


S = Spe*/*t (5) 


where S is the remanent stress, Sp a constant with 
dimensions of stress, R is the universal gas con- 
stant, 7 is the absolute temperature, and EF a con- 
stant equal to 11.6 k.cal./g.mol. 

The portion of the remanent stress due to entropy 
falls to about half (x ~ 0.5) for a fiber strained at 
40% for 1 hr. at a temperature between 60° and 
70°C. (see Table 1). If the strain at which the 
fiber is held is reduced to 10%, the portion of the 
remanent stress after 1 hr. at 100°C. due to en- 


TABLE II. A Comparison of the Time Constant of the 
Stress Relaxation and the Remanent Stress After 1 Hr. in 
Distilled Water at 100°C. and a Strain of 40% for Single 
Corriedale Wool Fibers Chemically Treated in Various Ways. 
The Effect on the Permanent Set of the Treatment is Also 
Shown 

Set (after 

release at 

Remanent Time 100° C. 

stress constant 1 hr. in 

(average), (average), water), 

Treatment dynes/cm.? sec. % 
Unmodified Corriedale 

1 N thioglycollic acid pH 5 

for 21 hr. at 37°C. 

0.5 M K.CO; solution for 

5 hr. at 50°C 8.7 
lodinated [6] 8.9 


1.43 < 107 30 + 4.0 


0.89 XK 107 12 + 30.8 


xX 107 52 — 14.2 
x 107 155 — 9.7 


tropy is large (x ~ 0.7), but this portion falls 
rapidly between the temperatures of 70°C. and 
60° C. (x = 0.2). 


Chemical Modification and Remanent Stress 


A number of chemical modifications which are 
known either to reduce or increase the rate of setting 
of wool were applied to the Corriedale fibers used 


in the previous tests. Stress-relaxation curves at 
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Fig. 5. Remanent stress at 40% strain, as shown in Fig- 
ure 4, replotted to a log scale against inverse absolute tem- 
perature. 


100° C. (and at 40% strain) and the time constant 
of the stress—relaxation 
were obtained. 


curve in distilled water 
Uniformly, the remanent stress 
increases as the ability of the fiber to set decreases 
(see Table II] and Figure 2). The remanent stress 
for both the iodinated and the K.CO,; treated 
fibers corresponds to the remanent stress of an 
untreated fiber at about 60° C. 


Discussion 


When a fiber is held at 40% strain in water at 
100°C 


. the remanent stress after 1 hr. appears to 
be all entropic in origin. 
perature up to 60° C. it has been pointed out [1, 7 ] 
that the contribution of entropy to the mechanical 
properties of wool is negligible. 


However from room tem- 


The results in this 
paper show that at 10% strain the remanent stress 
at a temperature 60°-70° C. has an elastomeric 
component less than 20% of the total stress, and 
at 40% strain a component of about 50%. The 
variation of the remanent stress at 40% strain with 
temperature, as shown by Figure 5, suggests that 
an activated process is involved in the reduction of 
the remanent stress with increase of temperature. 

The simplest model to explain the properties of 
strained keratin fiber in water as far as remanent 
stress is concerned is to regard the fiber as a solid 
passing from the glass to elastomeric stage in the 
temperature range 60°-70°C. This would also 
agree with the result obtained for the variation 
with temperature [3 ] of birefringence in a strained 
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fiber. A discontinuity in the rate of variation with 
temperature of the birefringence was noted in the 
temperature range 60°—70° C., indicating the pres- 
ence of a second order transition in this temperature 
range. It should, however, be noted that the fiber 
starts off as a highly organized material with a 
portion of its structure approximating to a crystal- 
line solid. Up to a temperature of about 60°C. 
the single fiber on being stretched to 40% for an 
hour in water still has a sufficient number of second- 
ary links left unbroken to revert it to its original 
organized state. Once having been held stretched 
in water at an elevated temperature so that it goes 
over to an elastomeric state, the fiber can only 
revert to a ‘“‘glassy”’ state on being released and no 
longer reverts to its original organized state. As 
Farnworth [2.] has shown, “‘permanent”’ set shows 
up after the fiber has been held stretched in water 
above the temperature range of 60°-70°C. The 
presence of ‘‘permanent”’ set; i.e., set irrecoverable 
by releasing the fiber in water for an indefinite 
period at the same temperature as that at which it 
was set, indicates the irrecoverable loss of the origi- 
nal organization present in the fiber. 

A fiber which has been held at 40% extension in 
water at 100° C. for 1 hr. on release retracts initially 
only under forces due to entropy. However, some 
bonds have been reformed during the stretched 
state which are in equilibrium with a strain of 40%. 
As the fiber retracts, these bonds will become 
strained and will oppose retraction. The final equi- 
librium length of the fiber will be reached when the 
retracting force due to entropy comes to equilib- 
rium with the forces due to the extended bonds 
formed while the fiber was in a strained state. 
Obviously some of the extended bonds may rup- 
ture, and this would depend on the condition under 
which the fiber was released. Release of the fiber 
in water at room temperature, water at an elevated 
temperature, and in solution of lithium bromide 
has been shown to give various amounts of set 
[3], because of this variation in the bonds ruptured 
during release. 


Conclusions 


When a wool fiber is stretched 40% in distilled 
water for an hour at a temperature above the tran- 
sition temperature range of 60°-70° C., the stress 
in the fiber after 1 hr. is mainly elastomeric. The 
bonds opposing the extension are broken, and some 
re-form in equilibrium with the strain of 40%. If 
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the fiber is now released in water for an hour at the 
temperature at which the fiber was held, the elas- 
tomeric force causes the fiber to retract in length 
until there is a balance between this elastomeric 
force and the re-formed bonds, which become strained 
during the retraction and are unbroken. When 
the balance is reached the ‘‘set’’ length of the fiber 
has been reached. Chemical treatment that re- 
tards the permanent setting of fibers appears to 
prevent the total rupture of all the bonds strained 
during the initial 40% extension. These bonds 
assist in retractinig the fiber to its original unset 
length. 
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The Silver Staining Method for Cross Sections 
of Regenerated Cellulose Fibers 


Koichi Kato 


Research Department, Toyo Rayon Co., Ltd., Otsu, Japan 


Abstract 


A staining technique is discussed which has been presented as an alternate method 


for differentiating the skin—core effect of viscose rayons. 


This technique, using silver 


nitrate solution, furnishes good results, generally corresponding to those obtained by 


the usual methods employing normal dyes. 


The staining, however, proceeds in a quite 


different manner from these dye methods, thus suggesting a different mechanism. 
Several cellulosic rayons have been examined and a number of factors have been 


evaluated regarding their influences upon the silver staining. 


The staining in question 


is chemical, immediately associated with the accessible reducing end groups in cellulose ; 
therefore it is possibly a measure of the degree of accessibility of regenerated cellulose 


fibers. 


Introduction 


The silver staining method discussed has been 
presented by Heyn [3 ] as an alternative microscop- 
ical technique for the differentiation of the skin—core 
effect characteristic of viscose rayon cross sections. 
This method was developed by Jolliff of the Ameri- 
can Enka Corp., and furnishes good results com- 
pared with other usual procedures employing vari- 
ous kinds of dyes. Further investigation, however, 
has not yet been published except by the present 
author [4], who gave a brief comment on its ap- 
plication in connection with the direct dye tech- 
nique. It seems, therefore, interesting as well as 
significant to make clear the staining mechanism 


involved and interpret the staining results in terms 
of the fine structure of regenerated cellulose fibers. 


Staining Procedure 


Based on Heyn’s description [3] of the Jolliff 
technique, the silver staining employed in this study 


is carried out as follows. 


Reagent Preparation 

1. Silver nitrate, 2 g.; dissolve in distilled water 
to make 125 cc. 

2. Sodium acetate, 16 g.; dissolve in distilled 
water to make 1000 cc. 





3. Sodium thiosulfate, 12 g.; dissolve in distilled 
water to make 1000 cc. 

For use add 125 cc. sodium acetate solution to 
125 cc. silver nitrate solution in a 300-cc. beaker. 
Heat slowly to 90° C. 


Cross Section Preparation 


Use desulfured, washed viscose rayon. Prepare 
for sectioning by the paraffin method. Section at 
6-u thickness and mount on glass slides, using 
albumen glycerin fixative. 


Staining Technique 


Enter sections mounted on glass slides into silver 
nitrate-sodium acetate that 
brought to 90° C. and treat for 2-3 min. Remove 
from bath and rinse in tap water. Enter the 
rinsed slides into sodium thiosulfate solution and 
treat for 10 min. 
water, and dry. 


solution has been 


Remove slides, rinse in tap 


In our laboratory, fiber cross sections were pre- 
pared at 5-u thickness by the PVA-agar-paraffin 
method as described [4]. 
first entered into the mixed reagent solution and 
then heated slowly to 90° C. 


Mounted slides were 


After being stained 
and washed, the preparations were processed as 
usual to make permanent mounts with Canada 
balsam. A green filter was used to make the black 
and white photomicrographs. 

The silver method stains yellow to brown only the 
skin area of viscose rayon cross sections, leaving the 
core almost unstained. Upon prolonged treatment 
in the heated solution, however, the skin becomes 
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Fig. 1. Silver staining process for 
acord rayon. (a) Initial stage, (b) 
early stage, and (c) optimum stain- 
ing. The outermost layer is highly 
stainable. 


darker brown and the core gets gradually brownish ; 
thus details of structure are lost to a great extent. 


Gold Staining 


In view of the reagent composition shown above, 
it is obvious that the silver staining is related with 
the reducing ability of cellulose. In fact, using 
gold chloride instead of silver nitrate in a composi- 
tion such as 0.25% HAuCl,-4H,O and 1% NaOH, 
The skin 
layer becomes a beautiful pink color, the core re- 
maining unstained. In 


one can similarly obtain gold staining. 
many cases an almost 
complete parallelism has been observed between the 
On the other hand, 
copper sulfate was unsuccessful for the present 
purpose. 


silver and gold procedures. 


Staining Process 


In the usual methods available for the skin—core 
differentiation in viscose rayons, an aqueous solu- 
tion of direct dye [4, 7, 8, 9, 10] or basic dye [1, 2, 
6] is employed to stain the cross section prepara- 
tions. This differential dyeing is most probably 
due to purely physical phenomena such as swelling 
of cellulose gels and diffusion of dye molecules, 
therefore being independent of the kind of dyes 
used. In the dye solution the core is always stained 
preferentially, the skin remaining undyed for a 
fairly long time. After thorough staining, the 
preparations are subjected to a specific washing 
procedure, where the core is bleached much more 
rapidly than the skin, which retains firmly the ab- 
sorbed dye. Consequently, the skin staining de- 
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veloped so far is no more than a result of the 
differential washing; in other words, passive in 
nature. 

On the contrary, the silver staining studied here 
is an active staining of the skin, and is certainly a 
kind of chemical staining dependent on the chemi- 
cal reactivity of cellulose itself. Actually it is 
quite different from the ordinary dye methods in 
that the staining begins at the outermost layer of 
cross sections and then proceeds over the whole 
skin area, leaving the inner core unstained, as 
shown in Figures la, 1b, and 1c. It can be termed 
as selective skin staining in the strict sense of the 
word. 


Results for Normal Rayon Samples 


As demonstrated in Figure 1, the silver method 
gives excellent staining results. In spite of the 
guessed difference in the staining mechanism, these 
results correspond very well with those obtained 
by the usual dye methods. This agreement holds 
true generally for a variety of regenerated cellulose 
fibers, as listed in Table I. The staining properties 
of these rayons have been briefly described [4 ]. 

It is worthy of note that an agreement is equally 
good for cellulose rayons such as Fortisan and Bem- 
berg, since they are regenerated through the proc- 
esses, which are respectively different from the 
viscose process. 

Sometimes it is noticed that the silver staining 
reveals a slight, otherwise undetectable change in 
the skin consistency, as exemplified in Figures 2 
and 3. The skin of a cord rayon exhibits a higher 


Fig. 2. Silver staining compared 
between a cord rayon and a textile 
rayon. The skin of the former 
shows a higher stainability than 
that of the latter. 


Fig. 


Fortisan and 


3. Silver 
Shin-Toramomen. 
Fortisan is almost unstained; Shin- 
Toramomen is strongly stained. 
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stainability than that of a textile rayon, while 
Shin-Toramomen is strongly stained all over the 
sections, in contrast to almost unstained Fortisan. 


Stainability Increase by Chemical Treatments 
Acid Hydrolysis and Acid Alcoholysis 


A remarkable increase in silver stainability was 
observed as a result of acid hydrolysis or acid alco- 
holysis, as shown in Figures 4, 5, and 6 for Fortisan, 
a cord rayon, and BX _ yarn_ respectively. 
(Throughout this investigation each sample under 
test was embedded and sectioned together with 
its untreated sample as a control in order to ensure 
detecting even a slightest change due to the treat- 
ments applied.) Naturally these lytic degradations 
gave rise to the breakdown of cellulose chains, so 


TABLE I. Staining Properties of Rayon 


Azine Brilliant Blue 


Type staining 


Silver staining 


Shin- 
Toramomen 





All over skin-like 
stained 


All over strongly 
stained 

Fortisan All over skin-like, 
but stained with 
much difficulty 


Very slightly stained 


Rather core-like, 
but its outer layer 
somewhat stained 


Slowly stained, but 
its outer layer rela- 
tively fast 

Bemberg All over core-like, 
but its central 
portion slightly 
stained 


Only the central por- 
tion slightly stained 


staining of Fig. 4. Silver staining increase 
by acid hydrolysis. A specimen of 
Fortisan had undergone acid hy- 
drolysis in 2.5 N HCl at 70° C for 
6 hr. 





Fig. 5. Silver staining increase 
by acid hydrolysis. A specimen of a 
cord rayon had undergone acid 
hydrolysis in 2.5 N HCl at 40° C. 
for 16 hr.; average DP (determined 
by the cuprammonium hydroxide 
viscosity method) was_ reduced 
from 280 to 80. 


Fig. 8. Silver staining increase 
by periodic acid oxidation. A speci- 
men of Fortisan was oxidized in 
acidic 0.02 M KIO, at 25° C. for 
6 hr. 


Fig. 11. Silver staining decrease 
by chlorous acid oxidation. A 
specimen of Shin-Toramomen was 
oxidized in 0.1 M NaClO, in 0.5 M 
H;PO, at gs5° c.. for 48 hr. 


Fig. 6. Silver staining increase 
by acid methanolysis. A specimen 
of BX fiber had undergone acid 
methanolysis in 1 N HCI-CH,OH 
at 40° C. for 3 hr.; average DP was 
reduced from 500 to 90. 


Fig. 9. Silver staining increase 
by chromic acid oxidation. A 
specimen of BX fiber was oxidized 
in 0.8 M K,Cr,O; in 0.25 N H2SO, 
at 50° C. for 2 hr. 


Fig. 12. Silver staining decrease 
by dilute acid. A specimen of 
desulfured cord rayon was soaked 
in 1% H2SO, at room temperature 
for 1 hr. 
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Fig. 7. Silver staining increase 
by y-ray irradiation. A specimen 
of BX fiber was subjected to 
irradiation from Co® in the air; 
average DP was reduced from 580 
to 80. 


Fig. 10. Silver staining decrease 
by iodine oxidation. A specimen of 
desulfured cord rayon was oxidized 
in slightly alkaline 0.05 N I, at 
25° C. for 6 hr. 


=~) Y, 


Fig. 13. Silver staining decrease 
by dilute alkali. A specimen of the 
same sample as in Figure 12 was 
soaked in 1% NaOH at room 
temperature for 1 hr. 





Fig. 14. Silver staining decrease 
by desulfuring. A specimen of a 
cord rayon was desulfured according 
to the factory conditions for textile 
rayon. 


that the observed increase in silver staining would 
be due to an increase of the reducing end groups. 


y-Ray Irradiation 


Irradiation by y-ray from Co® in the air resulted 
in a drop of the degree of polymerization and simul- 
taneously a marked increase in silver staining, as 
shown in Figure 7 for BX yarn. 


Periodic Acid Oxidation 


The oxidation in acidic 0.02 M potassium perio- 
date at 25° C. for 6 hr. resulted in an increased 
silver staining, as shown in Figure 8 for Fortisan. 


Chromic Acid Oxidation 


The oxidation in 0.8 M potassium dichromate in 
0.25 N sulfuric acid at 50° C. for 2 hr. gave rise to 
an increase in silver stainability, as shown in Figure 
9 for BX yarn. 

It is well known that the oxidation of cellulose by 
chromic acid or periodic acid yields products which 
are characterized by their high reducing power due 
to the splitting of pyranose rings and the formation 
of aldehyde groups [5]. Therefore, the increased 
silver staining found on the cross sections may be 
rather a natural consequence. 

When examined by the usual dye methods, the 
changes in the structure given by these chemical 
degradations, hydrolytic or oxidative, were always 
revealed as a decrease in the cross-sectional dye- 
ability, so that there no longer exists parallelism 
between the silver staining and the dye stainings. 


Fig. 15. Silver staining decrease 
by bleaching. A specimen of the 
desulfured cord rayon shown in 
Figure 14 was bleached according to 
the factory conditions for textile 
rayon. 


Stainability Decrease by Chemical Treatments 
Iodine Oxidation 


The oxidation in a slightly alkaline 0.05 N iodine 
solution at 25° C. for 6 hr. resulted in a decreased 
silver staining, as shown in Figure 10 for a cord 
rayon (desulfured). 


Chlorous Acid Oxidation 


The oxidation in 0.1 M sodium chlorite in 0.5 M 
phosphoric acid at 25° C. for 48 hr. resulted in a 
reduced stainability, as shown in Figure 11 for 
Shin-Toramomen. 

It is widely accepted that both alkaline iodine 
solution and chlorous acid solution are such mild 
oxidants that only the terminal aldehyde groups 
are selectively oxidized to carboxyl groups [11 ]. 
The observed decrease in silver staining, therefore, 
would be correlated to this chemical change in 
cellulose. 


Dilute Acid and Dilute Alkali 


The skin of a desulfured cord rayon was found to 
suffer a considerable reduction in silver staining 
after only 1 hr. of steeping at room temperature in 
either 1% sulfuric acid or 1% sodium hydroxide, 
as illustrated in Figures 12 and 13. These effects 
were never detected by any of the usual dye 
methods. 


Desulfuring and Bleaching 


Conventional tire cord rayons usually do not 


undergo desulfuring and bleaching processes. For 





414 


experimental purposes, a specimen of cord rayon 
was subjected to these treatments according to the 
factory conditions for textile rayon. Desulfuring 
as well as bleaching was found to lower the silver 
stainability, as shown in Figures 14 and 15. These 
effects, too, could not be revealed by the dye 
methods. 

For the present it is difficult to offer any decisive 
explanation regarding the action of dilute acids or 
alkalis as well as other agents used for desulfuring 
or bleaching. Structural changes such as recrystal- 
lization could be involved in reducing the silver 
staining. In view of the nature of this staining 
procedure, substances other than cellulose would 
probably influence results because of their own 
chemical reactivity. One might say the silver 
method is too sensitive to be used in routine work. 


Discussion 


The majority of the above experimental results 
indicate clearly that the silver staining is of a 
chemical nature, having an immediate correlation 
with the reducing power of cellulose. On this 
basis one can understand not only the stainability 
increase due to the relatively drastic degradations 
accompanied with a drop in the degree of poly- 
merization, but also the stainability decrease due 
to the mild oxidations specific for the reducing end 
groups. Although there remain many facts to be 
explained, particularly with respect to the possible 
participation of substances other than cellulose, it 
appears doubtless that the primary factor con- 
cerned here is the amount of the reducing end 
groups being accessible for the staining reagent. 

Of course, in order for the actual silver staining to 
take place on fiber cross sections, the chemical re- 
duction of silver nitrate must be followed by the 
deposition of metallic silver particles within cellu- 
lose material. It 


seems, therefore, essential to 


take into consideration further modifying factors, 
probably consisting in the supermolecular structure 
of cellulose. 


Now consider the skin—core effect in normal vis- 
cose rayons. In the case of the dye methods, the 
obtained differential staining reflects a difference 
in the physical character between the skin and core, 
especially a difference in their amorphous regions 
of low order. The core includes a small amount of 
regions of probably lowest order and highly open 
structure, so that dye molecules can penetrate and 
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absorb quickly as well as bleed off readily on wash- 
ing. On the other hand, the skin does not include 
such area, but contains a considerable amount of 
regions of intermediate order, so that dye molecules 
are taken up, as well as washed out, with much 
difficulty. It is evident that the core is devoid of 
such regions of intermediate order, because it is 
negative for the skin staining. 

The silver staining takes place selectively on the 
skin layer. Based on the discussion described 
above, this fact implies that an enormously larger 
amount of accessible end groups is in the skin area. 
Since there are probably few, if any, differences be- 
tween the skin and core regarding the distribution 
of the degree of polymerization, the amount of the 
accessible end groups will be proportional to the 
fraction of the amorphous material of cellulose. 
The selective skin staining would be justly an ex- 
pression that the skin is by far richer than the core 
in amorphous cellulose content. 

It has been long accepted that the skin is of lower 
crystallinity with smaller crystallites in contrast 
to the core, of higher crystallinity and with larger 
crystallites. This picture is in good agreement 
with the above reasoning. In this respect it should 
be remembered that the higher crystalline rayons 
exhibit lower stainability, as exemplified by Forti- 
san, BX, and Bemberg rayon. 

Consequently, it will be possible to consider the 
silver staining, as least as far as normal rayon 
samples are concerned, as a measure of the degree 
of accessibility or crystallinity of cellulose sample 
involved. This staining technique, therefore, may 
provide a powerful, more or less semiquantitative, 
microscopical approach to the elucidation of the 
cellulose fiber structures. 
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The Influence of High Energy Radiation on Cotton 
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Abstract 


Sliver lap, yarn, and fabric made of the same raw cotton of known composition were 
irradiated with cathode rays under various conditions. Changes in the chemical and 
physical properties were investigated. Some yarns also were irradiated with gamma 
rays. The changes that occurred in these samples were found to be the same as those 
in samples irradiated with cathode rays. Data for the copper number, the methylene 
blue number, and the intrinsic viscosity indicated that degradation of the cathode ray 
irradiated yarn had taken place. A new absorption maximum was found in infrared 
spectrograms of the cotton irradiated at high dose levels. Direct-dye affinity of the 
irradiated fabric was similar to oxycellulose. 

The tensile strength of the yarn decreased with the amount of dose it received. 
However, at low levels the tensile strength was found to increase to a maximum before 
it started to decrease; a ‘‘natural curve” of tensile strength and a ‘‘natural curve” of 


toughness were defined. 


Microbiological tests showed that both yarn and fabric were sterilized by a dose of 


one megarep. 
compared with unirradiated samples. 


Durinc recent years, investigations have been 
carried out on the influence of high energy radia- 


tion on cellulose. Lawton et al. studied the effect 
of beta rays on wood [13]. They found a greater 
measurable action of the irradiation on cellulose 
than on the lignin component of the wood. The 
formation of reducing sugars from the ceilulose 
and the breaking of the micelles of cellulose were 
suggested. Charlesby studied the intrinsic vis- 
cosity of degraded cellulose and proposed a formula 
for the determination of the molecular weight of 
cellulose [3]. Glegg’s work on the aftereffect of 


A general increase in mildew resistance was noted in irradiated samples 


the gamma ray irradiation of wood cellulose showed 
that the presence of oxygen during the storage 
period caused further deterioration of the cellulose 
that had been irradiated with gamma rays, whereas 
the presence of water vapor prevented further 
deterioration [9,10]. Gilfillen and Linden studied 


' Contribution No. 348 from the Department of Food Tech- 
nology. This work was carried out under Contract No. 
12-14-100-483 (72) with the Southern Utilization Research 
and Development Division, Agricultural Research Service, 
of the United States Department of Agriculture. The authors 
wish to acknowledge the cooperation and assistance afforded 
them by this Division, in particular by Dr. C. L. Hoffpauir. 
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the effect of high energy radiation on cotton yarn 
[7,8]. They determined the tensile strength of 
cathode ray irradiated yarn and also suggested that 
chemical changes occurred in the cellulose. Blouin 
and Arthur studied the effects of gamma rays on 
purified cotton [2]. They found oxidative deg- 
radation of the cellulose, an increase in water and 
dilute alkali solubility, a decrease in tensile strength, 
changes in moisture regain, and relatively un- 
changed infrared absorption spectra. They also 
found that the irradiation atmosphere (either 
nitrogen or oxygen) had no effect. Teszler et al. 
showed that the dyeing characteristics of irradiated 
cotton fibers were altered with the irradiation dose 
levels used [21 ]. 


Materials and Methods 


All of these materials were made from the same 
lot of typical commercial Deltapine cotton. The 
yarn construction consisted of singles 7’s/1 spun 
with 3.00 twist multiplier, machine twist 7.90 oz. 
Three yarns were cabled with 6.14 twist per inch 
to give 7’s/3. The fabric was plain weave 34’s/2 
warp and 42’s/2 filling woven without sizing, 
thread count 49 X 50, weight 3.82 0z./sq. yd. These 
materials were supplied by the Southern Utilization 
Research and Development Division. 

The present investigation was undertaken in 
order to explore the effects of beta radiation and of 
limited dosages on the physical and chemical 
properties of cotton, since only limited information 
of this nature has been published. The effects of 
gamma radiation were also studied. The changes 
induced by radiation on cotton in the form of sliver 
lap, yarn, and fabric were determined. 

The cottons were irradiated in heat-sealed poly- 
ethylene bags with cathode rays from a 2-Mev Van 
de Graaff accelerator [22] at dose levels of 0.05, 
0.1, 1, 2, 10, and 100 megareps.2, The yarn was 
introduced in such a way that a single layer was 
spread uniformly in the bag, which was gently 
pressed to squeeze out a maximum amount of air 


and then heat-sealed. The fabric was folded into 


six layers, and sliver lap was spread in a single layer 
in the bag. 


This thinness of the material ensured 
as maximum and uniform an irradiation dose as 
possible. 

2 Million roentgen equivalent physical; 1 rep = amount of 


radiation of any type which imparts 83 ergs per gram of 
animal tissue. 
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The yarn was irradiated under the following 
conditions. 


1. Moisture-conditioned at 70° F. and 65% RH 
(relative humidity), then irradiated under ambient 
conditions. 

2. Dewaxed, 
conditions. 

3. Saturated with water, then irradiated under 
ambient conditions. 

4. Dried, then irradiated under ambient condi- 
tions. 


then irradiated under ambient 


5. Moisture-conditioned, then irradiated with 
gamma rays under ambient conditions. 


The moisture-conditioned fabric and the sliver 
lap were irradiated upon dry ice. The sliver lap 
was also irradiated under ambient conditions. 

No precautions were taken to prevent the heating 
of those samples irradiated under ambient condi- 
tions at dose levels of 10 and 100 megarep. The 
samples of yarn for gamma ray irradiation were 
put in lengths of 9 mm. O.D. Pyrex glass tubing 
and irradiated with a Co source [19 ]. 

Dry yarn was prepared in the following manner. 
Raw cotton yarn, 2 m. in length, was folded and 
put into a 30 cm. X9 mm. Pyrex tube, which was 
sealed at one end. The yarn was then heated in a 
vacuum oven at 60° C. for 48 hr. Immediately 
after ‘being removed from the oven the tubing was 
tightly plugged and the closed end dipped into a 
60° C. water bath. The tubing was then unplugged 
and connected to an oil vacuum pump. The tube 
was heated and evacuated in this manner for 4 hr. 
before being flame-sealed under vacuum and then 
irradiated upon dry ice with cathode rays. 

Dose levels were estimated by the calibrations 
of the Van de Graaff generator and the Co™ source. 

Each of the irradiated samples was analyzed to 
determine the copper number [11], intrinsic 
viscosity, and the tensile strength. For some of the 
samples, methylene blue absorption [5 ], moisture 
regain, dye affinity, and infrared absorption [6 ] 
were determined. 

The intrinsic viscosity was determined with an 
Ostwald pipette [1]. The cotton sample was 
rapidly dispersed in cupriethylenediamine hy- 
droxide by Lindsley’s method [14]. However, the 
fluidity values corrected to a velocity gradient of 
500 sec.-! [1,4] differed considerably from the 
values obtained with the standard burette vis- 
cosimeter. The values of the intrinsic viscosity 
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presented in this paper should therefore be con- 
sidered only as relative rather than absolute. 

For the determination of the dye affinity of the 
yarn, 1 g. of the yarn was cut into pieces. The 
fiber was then dispersed with water and pressed 
into a cake in a pressing column used for the study 
of the dyeing property of wool [12]. A 100-ml. 
portion of amidine fast scarlet, a direct dye, 
concentration 0.1 g./l., was measured into a 125-ml. 
beaker. Then 1 ml. of an aqueous solution of 
sodium sulfate (100 g./l.) was added. The level 
of the solution was carefully marked around the 
beaker. The solution was boiled with constant 
stirring for 4 hr., then allowed to cool to room 
temperature. The solution was then made up to 
the mark on the beaker with water. The concen- 
tration of the dye remaining in the solution was 
determined with an Evelyn colorimeter, equipped 
with a 540-mzy filter. 

Infrared spectra were obtained on mineral oil 
suspensions of the cotton, using a Perkin-Elmer 
Model 21 infrared spectrophotometer with a NaCl 
prism. 

Before tensile strength and breaking elongation 
were determined, the materials were conditioned 
for at least 48 hr. under standard atmospheric 
conditions. The tests were performed on the 
Instron Tensile tester using flat jaws, 5-in. specimen 
gauge length, } in./min. rate of jaw separation, and 
a 50-g. preliminary load to eliminate crimp in the 
case of yarns. Because of the limited amount of 
sample available, only five tests were carried out at 
each irradiation level. 

Measurement of abrasion resistance was made 
on the Taber Abrader after conditioning the fabrics 
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in a standard atmosphere. The test was concluded 
when a hole appeared in the cloth. 

The energy necessary to break the yarns was also 
determined by measuring the area under the load- 
elongation diagram (up to the maximum load point) 
with a planimeter. The results were expressed 
in gram-inches and refer to a 5-in. specimen. 

The swelling behavior of unirradiated cotton 
fibers under the influence of NaOH was studied by 
means of the microscope both kinetically and at 
equilibrium and compared with that of the ir- 
radiated fibers under similar 
different concentrations (5%, 11 
of NaOH were used [15]. 


Four 
and 18%) 


conditions. 


y 7 
%, 15%, 


Results and Discussion 
Copper Number 


The copper numbers of the irradiated samples 
(Table 1) indicate the following. 

1. The copper number increases steadily with the 
dose, but the increase in the copper number of the 
samples irradiated at 0.05 megarep and 0.1 megarep 
was small. However, at dose levels of 1 megarep 
and greater the increase in copper number of the 
irradiated samples was quite large (Figure 1). 

2. Below the dose level of 1 megarep, there was 
no significant difference in all samples irradiated 
under ambient conditions or upon dry ice, as shown 
by the data of the irradiated sliver lap. However, 
the copper number of those samples irradiated 
upon dry ice did not rise as high at dose levels of 10 
and 100 megarep as did those of samples irradiated 
under ambient conditions. This is probably due 
to the fact that at high dose levels the samples were 





TABLE I. Copper Number of Deltapine Cotton Sliver Lap, Yarn, and Fabric Irradiated Under Selected 


Conditions * With High Energy Radiations 


Sliver lap 


Yarn Fabric 


Cathode rays Co” 


Cathode rays 


Cathode rays 


Dose, 
megarep 


d.w. 
amb. 


W.s. 
amb. 


dry 


amb. d.i. amb. amb. 


amb. d.i. 


Control 
0.05 0.33 
0.1 0.26 0.22 0.32 0.93 0.29 0.41 0.29 
1 0.54 0.47 0.61 0.79 0.84 0.83 0.68 
2 0.99 
10 2.91 2.20 3.23 3.98 4.78 2.95 

100 9.46 8.26 8.74 9.87 11.41 9.45 


0.24 0.24 


0.23 


0.26 
0.33 


0.27 
0.30 


0.23 
0.31 


0.25 
0.39 


0.21 
0.29 


0.23 
0.25 
0.28 
0.66 


3.49 
10.63 


* Amb., irradiated under ambient conditions; d.i., irradiated upon dry ice; w.s., sample saturated with water before being 
sealed in bag; d.w., sample dewaxed before irradiation. 
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subjected to high temperatures. It is of interest 
to note that the increase of copper number of the 
dry yarn is almost the same as that of those 
irradiated wet. 


. SLIVER LAP 
YARn 


FaeRiIC 


° 


CONTROL 

0.05 MEGAREP 
MEGAREP 
MEGAREP 

10 


100 MEGAREP 


10 
COPPER NUMBER 9 CU's 100g SAMPLE 
Fig. 1. Relation between intrinsic viscosity and copper 


number of cathode ray irradiated Deltapine cotton sliver lap, 
yarn and fabric, and irradiation dose levels. 


TABLE II. 
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3. The influence of gamma 
number of the yarn is almost 
cathode rays. 

4. The most rapid increase in copper number 
occurs in those samples that were dewaxed and then 
irradiated, perhaps indicating protective action by 
the wax. 


rays on the copper 
the same as that of 


5. The copper numbers of the sliver lap, yarn, 
and fabric irradiated under the same conditions are 
similar to each other. All of them increase with 
an increase in dose level. 


Intrinsic Viscosity 


The intrinsic viscosities (data uncorrected for 
rate of shear) of the irradiated samples are given in 
Table II. These data indicate: 


1. Ageneral decrease of intrinsic viscosity with the 
increase in dose received by the samples (Figure 1). 

2. The deterioration of the yarn irradiated with 
gamma rays under ambient conditions is almost the 
same as that of the moisture-conditioned yarn 
irradiated under ambient conditions. 

3. The values of intrinsic viscosity of the sliver 
lap, yarn, and fabric irradiated under the same 
conditions are similar to each other and they 
decrease with the dose levels in the same pattern 
(Figure 1). 

4. The values of intrinsic viscosity of the sliver 
lap irradiated at 10 and 100 megarep under 
ambient conditions would be expected, due to a 
greater degree of degradation (as indicated by 
copper number) to have smaller values than those 
irradiated at the same dose levels upon dry ice. 


The Intrinsic Viscosity * of Cotton Sliver, Yarn, and Fabric Irradiated Under Selected 


Conditions | With High Energy Radiations 


Sliver lap 
Cathode rays 


Dose, 


megarep d.i. 


amb. amb. 
Control 
0.05 

0.1 

1 

2 

10 

100 


13.9 
13.1 
12.2 

5.9 


14.6 
12.7 
11.9 

5.6 


0.49 0.3 1 


1.5 
0.35 


* The values were determined with Ostwald pipettes using cupriethylene diamine hydroxide as solvent. 


not adjusted for rate of shear [1, 4]. 


Cathode rays 


w. 


amb. 


18.6 


17 
13 


6.. 


1.3 


0 


Yarn Fabric 


Co” 


Cathode rays 


dry 
amb. 


d.w. 
amb. 


b amb. d.i. 
13.6 
13.4 


ib G 
2 


4. 


14.0 
13.2 
11.6 
4.8 
3.3 


13.5 
12.0 
10.8 

5.6 


2 


2 
3 


0.42 
0.23 


1.2 
0.41 


1.4 


44 0.26 


The values were 


t Amb., irradiated under ambient conditions; d.i., irradiated upon dry ice; w.s., sample saturated with water before being 


sealed in bag; d.w., sample dewaxed before irradiation. 
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However, at high degrees of degradation the value 
of intrinsic viscosity appears to be of little signifi- 
cance under the condition of experiment. 

5. The correlation between the intrinsic viscosity 
and copper number is illustrated in Figure 1. At 





TABLE III. Tensile Properties of Deltapine Cotton Yarn and Fabric Irradiated Under Selected Conditions * 
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a dose level of 1 megarep and below, the intrinsic 
viscosity decreases rapidly with little change in 
copper number. At dose levels above 1 megarep, 
the copper number increases rapidly with decrease 
in intrinsic viscosity. 


With High Energy Radiations 


Yarn 


Cathode rays 


Dose, 
megarep 


d.w. 
amb. 


w.s. 


amb. amb. 


Fabric 


Co” 


Cathode rays 
dry 


amb. amb. d.i. 


Tensile strength (rupture load), g. 


Control 
0.05 4270 
0.1 3970 
1 } 3540 
2 

10 
100 


4220 3870 
4180 
3820 


3820 


5590 
5560 
5330 
4470 


2080 
190 


2210 350 
160 260 


3780 
3840 
3560 
3140 


3905 
4040 
3990 
3480 
3040 


29150 
29200 
28980 
27650 


1720 
300 


17850 
500 


Elongation, 50 g. to rupture 


Control 
0.05 15.2 
0.1 12.6 
1 . 11.7 
2 

10 
100 


13 13.5 
15.7 
15.0 


15.3 


4. 
0.1 


11.1 
0.3 





11.7 
11.7 
11.8 
10.4 


- 
‘ 


2 


Toughness, gram-inch 


Control 
0.05 1731 
0.1 1554 


1 1318 
2 


10 
100 


1399 


496 
11 


966 
991 
981 
746 


293 
17 


Strength natural curve, % 


Control 
0.05 108 99 
0.1 99 95 


1 80 
2 


10 9 : 42 
100 : 5 


100 100 


100 

101.6 
94 
83 


4: 


Toughness natural curve, % 


Control 
0.05 91 
0.1 82 


1 84 
2 


10 
100 


100 100 
123 
99 


94 


100 
124 
112 

94 


29 
0.6 


49 
1.3 


36 
0.8 


100 
102 
94 
83 


46 
8 


* Amb., irradiated under ambient conditions; d.i., irradiated upon dry ice; w.s., sample saturated with water before being 


sealed in bag; d.w., yarn dewaxed before irradiation. 
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Tensile Properties 


Tensile strength and the elongation of the yarn 
irradiated under various conditions are given in 
Table III. Little change in strength or elongation 
occurred until a dose level of 1 megarep was 
reached. At this dose level the strength dropped 
slightly, and at higher dose levels the change was 
appreciable. 

An examination of the values for tensile strength 
obtained with a number of samples treated in 
different fashions indicated that they all follow the 
same ‘‘strength natural curve” pattern. When the 
tensile strength of the control (unirradiated yarn) 
was used as the reference basis, an increase in 
tensile strength with increasing irradiation dose was 
found up to the dose level of 0.1 megarep, as shown 
in Table III. The maximum tensile strength 
probably occurred with an irradiation dose some- 
where between 0.05 and 0.1 megarep. At dose 
levels greater than 1 megarep the tensile strength 
decreased roughly proportionally to the amount of 
radiation absorbed. The observed increase in 
strength up to 0.1 megarep is probably due to the 
cleavage of a limited number of cellulose chains. 
This decrease in the DP is not large enough, 
however, to affect adversely the strength of the 
fiber, but it is sufficient to cause a release of points 
of residual internal strain, permitting a better 
distribution of stress within each fiber. A parallel 
phenomenon is the increase in strength observed 
with increase in moisture [16]. At higher irradia- 
tion levels, however, the DP is drastically lowered, 
and the adverse effects (strength lowering) pre- 
dominate over the beneficial effects (internal strain 
relief). 

As is evident from the tabulated results, devia- 
tions from the strength natural curve pattern were 
found. The data should, therefore, be interpreted 
only as indicating a trend, for there might have 
been inherent inter- and intra-group variations, 
that is, variations from yarn as well as within the 
same yarn; there might have been sampling errors, 
for the number of samples examined was not great. 
The difference in the behavior of the yarns arising 
from an increased irradiation dose or from different 
treatments of yarn samples before irradiation does 
not necessarily reflect an analogous difference in 
fiber properties, since fiber properties are not 
completely translated into yarn properties. 

The reproducibility of the abrasion test results 
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TABLE IV. Miscellaneous Properties of Cathode Ray 
Irradiated Deltapine Cotton Yarn 


Methylene 
Blue no., absorption,* Moisture 
mmoles/100 g. mg./g. of regain, 
yarn Qq 


Dye 


Dose, 
megarep 


Control 1.50 
0.05 1.72 
0.1 1.61 
1 1.58 

10 1.66 
100 1.75 


9.63 
9.62 
9.78 
9.68 
9.46 
8.73 


* Amidine fast scarlet, a direct dye, was used. 
t Not investigated. 


was poor, due largely to the tendency of the fabrics 
to pucker during testing. Nevertheless, the 
changes in abrasion resistance appear to follow the 
natural curve pattern for tensile properties. 

The energy to rupture, or toughness, of the yarns 
is given in Table III along with the corresponding 
natural curves. Changes in toughness with radia- 
tion dosage follow the same general natural curve 
pattern as previously noted for changes in strength. 


Microscopical Observations 

In the case of each of the treatments studied, 
irradiation was found to increase the sensitivity 
of the fibers to NaOH solutions. The untwisting 
and swelling behavior of the fibers occurring at each 
level of NaOH concentration was intensified as the 
dosage became greater. At the 100-megarep level, 
the fibers dissolved in 5% NaOH. 


Miscellaneous Properties 

Other properties of the yarn irradiated under 
ambient conditions are given in Table IV. Very 
slight increases were noted in methylene blue 
number with increasing dosage of radiation. 

The absorption of amidine fast scarlet decreased 
as the level of irradiation dose was increased. This 
decrease of dye affinity is similar to the overbleach- 
ing of cellulose by strong oxidants [20]. As the 
samples irradiated at 10 and 100 megarep had 
deteriorated greatly, their dyeing property was of 
no interest and therefore was not studied. 

The moisture regain of the yarn was studied by 
first drying the samples at 60° C. for 16 hr. in a 
vacuum oven, then conditioning them under 
standard conditions at 70° F. at 65% RH for 108 hr. 
The sample that received a dose of 0.1 megarep 
showed the maximum moisture regain ; this may be 
one of the reasons why the yarn irradiated at that 
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TABLE V. The Tensile Strength* of Cotton Fabrics Incubated After Infection with Chaetomium globosum 
Following Irradiation 


megarep 


100 
100 


8 days 


12 days 16 days 


% Kg. / Kg. % 


6 g , ‘ 1.6 
13.7 . ‘ . 7.4 
10.1 ‘ 3. ‘ 5.1 
13.6 ‘ 5.8 ‘ 4.7 


* Conditions of testing: Instron tensile tester—flat jaws (rubber lined)—flat strip of fabric, 2-in. gauge length, tested in 
the warp direction, 1} in. wide in the filling direction. Cross-head speed } in./min. 


{ Based on strength natural curve. 





dose level was the strongest. The moisture regain 
decreased gradually as the dose of cathode rays 
received by the yarn increased from 1 to 100 
megarep. 

Infrared spectrograms were made of the yarn 
irradiated upon dry ice with cathode rays at various 
dose levels. These spectrograms have the general 
shape of those of natural cotton as recorded by 
Forziati et al. [6]. The only noticeable change in 
the absorption characteristics of the irradiated 
cotton was the formation of a maximum at 1725 
cm.—! of unknown origin in those samples which 
received a dose of 1 megarep or more. This 
maximum is probably the same as that observed 
by Blouin and Arthur [2] at 5.75 my when the 
KBr technique introduced by O’Connor et al. [17 ] 
was used. 

Microbiological tests showed that both yarn and 
fabric were sterilized by a dose of 1 megarep. The 
microbial degradation of irradiated cotton was 
determined by carrying out mildew tests [18 ] for a 
period of 16 days with Chaetomium globosum as the 
test microorganism on the fabrics that were ir- 
radiated at 0.05, 0.1, and 1 megarep. The samples 
were removed from the incubator and agar plates at 
an interval of four days. A general increase in 
mildew resistance was noticed in those samples 
irradiated over those samples’ unirradiated. 
Tensile strength test conditions and test results are 
given in Table V. However, inasmuch as the 
number of the samples studied was small, the 
results of the experiment cannot be considered as 
conclusive. 
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Part II: Effects on Chemical Modification’ 


Abstract 


Mercerized cotton yarn and partially acetylated cotton yarn were irradiated with 
cathode rays. Mercerized yarn and partially acetylated yarns were also prepared from 
cathode ray irradiated cotton yarn. The copper number, the intrinsic viscosity, and 
the tensile strength of these samples were investigated. The results and the behavior 
patterns of these values were similar to those of the raw cotton yarn from which these 
chemically modified samples were prepared. The copper number increases with the 
dose levels of irradiation; the values of intrinsic viscosity decrease with the dose levels. 
The tensile strength increases slightly with dose levels up to 0.1 megarep and then de- 


creases rapidly. 


A marked increase was noted in the tensile strength of the yarn that 


was irradiated at 0.1 megarep and then partially acetylated. 
The acetyl values of the irradiated acetylated samples were practically constant. 
However, at dose levels of 10 megarep and above, sharp increases in the apparent 


values were noted. 


There are indications that acrylonitrile may form a graft copolymer with cotton 
cellulose under the influence of gamma radiation. 


In THE previous investigation on the effect of 
high energy radiation on raw cotton [6], the 
authors found that both the physical and chemical 
properties of the cotton had been altered consider- 
ably. It was the purpose of the present investiga- 
tion to examine the influence of high energy radia- 
tion on chemical reactions commonly used in the 
modification of cellulose and the effects of such 
radiation on the properties of some cellulose deriva- 
tives. For this purpose, mercerized cotton yarn 
and partially acetylated cotton yarn were irradiated 
with cathode rays, and mercerized yarn and parti- 
ally acetylated yarn were prepared from cathode 
ray irradiated cotton yarn. The possibility of 
inducing graft polymerization [2, 5 ] of vinyl mono- 
mers on cotton by means of gamma radiation was 
also explored. 


Materials and Methods 


Deltapine cotton yarn furnished by the Southern 
Utilization Research and Development Division of 
USDA was used in the investigation. The proper- 
ties of the yarn and fabric are given in Part I [6]. 

The mercerized yarn was prepared by first ex- 
tracting with 95% ethanol to remove wax, followed 


' Contribution No. 349 from the Department of Food Tech- 
nology. This work was carried out under Contract No. 
12-14-100-483 (72) with the Southern Utilization Research 
and Development Division, Agricultural Research Service, 
of the United States Department of Agriculture. The authors 
wish to acknowledge the cooperation and assistance afforded 
them by this Division, in particular by Dr. C. L. Hoffpauir. 


by air drying and treatment at constant length with 
NaOH solution. The samples were moisture-con- 
ditioned before irradiation with cathode rays at 
dose levels of 0.05, 0.1, 1, 10, and 100 megarep. 
Mercerized yarn was also prepared from raw yarn 
that had been moisture-conditioned and irradiated 
under ambient conditions at dose levels of 0.05, 0.1, 
and 1 megarep. 

The fluidity of the mercerized yarns irradiated 
either before or after mercerization was determined 
with a burette viscosimeter and corrected to a veloc- 
ity gradient of 500 sec.-' [1]. The cellulose con- 
tent was also evaluated as specified by the method. 
The copper number and tensile strength of the 
samples were determined as described previously 
[6]. 

Partially acetylated yarn was prepared according 
to the procedure described by Blouin et al. [3]. 
The yarn was dewaxed and air-dried. It was then 
boiled in water, allowed to soak overnight, and the 
water removed by solvent exchange with pyridine. 
It was then acetylated with a pyridine solution of 
acetic anhydride. The partially acetylated yarn 
was air-dried and conditioned under standard 
conditions; it was then irradiated with cathode rays 
on a cold water plate to prevent heating at dose 


levels of 0.05, 0.1, 1, 10, and 100 megarep. Par- 


tial acetylation was also carried out on samples of 

yarn irradiated at 0.05, 0.1, 1, and 10 megarep. 
The acetyl content was determined by the Eber- 

stadt method as modified by Genung and Mallatt 
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[4]. The intrinsic viscosity, copper number, and Both gamma rays and cathode rays were used in 
the tensile strength of the samples were determined the irradiation. In the irradiation with gamma 
by the methods described in Part I. rays, dose levels of 0.719 and 1.438 megarep were 

Acrylonitrile, 4-vinyl-pyridine, methyl metha- first employed ; dose levels of 0.359 and 0.719 mega- 
crylate (Borden) and styrene (Eastman Kodak) rep were used in the laterstudy. In the study using 
were used in the study of the possibility of inducing cathode rays, dose levels of 0.5 and 1.0 megarep 
graft polymerization on cotton. The investigation were used in grafting yarn; finally, in the study 
was of a preliminary nature with a primary purpose with fabric, one dose level of 0.05 megarep was 
of establishing conditions which might induce used, since higher dose levels caused degradation 
grafting as well as ascertaining the occurrence of and excessive loss in tensile properties. The sam- 
grafting. ples were allowed to remain submerged in the 
monomer for periods up to 4 days following gamma 


irradiation. Unbound polymer was removed by 
TABLE I.* Fluidity and Cellulose Content of Cathode Ray Aa, ‘ 


Irradiated Raw and Mercerized Deltapine Cotton Yarn extraction with boiling dimethyl formamide. The 
weight gain of the extracted yarns was considered 

Dose, Cellulose, ‘ ‘ at af | Aner ans aT 
megarep % (as rec'd) Fluidityt a measure of the graft polymerization occurring. 
Because of the damaging effect of these drastic 
Raw yarn extraction conditions, tensile tests were performed 


Control 92.8 1.65 on unextracted samples. 
0.05 92.8 2.07 


0.1 92.8 2.20 , 
1 92.8 7.95 Results and Discussion 


10 90.4 36.5 


The idity < > cellulose percentage of 
100 748 64.2 The fluidity and the cellulose percentage o 


cathode ray irradiated raw and mercerized Delta- 
Mercerized yarn pine cotton yarn are given in Table I. No signifi- 
Control 90.9 = - 1.69 cant difference was found between the fluidities of 
0.05 90.9 2.02 the irradiated raw yarn and the irradiated mer- 
0.1 90.9 2.28 inion nis 
1 90.9 9.42 cerized yarn. 
10 89.3 40.6 The copper number and the physical properties 
*The data given in this table were determined by the Of the yarn mercerized before and after irradiation 


Southern Utilization Research and Development Division, aie given in Table I]. The copper numbers of the 
USDA. 

¢t The fluidity was determined with burette viscosimeter : on 
with cupriethylenediamine hydroxide as solvent corrected to cerized. The copper number of those samples 
velocity gradient of 500 sec.—. irradiated and then mercerized are slightly lower 


mercerized yarn are lower than those of the unmer- 


TABLE Il. Properties of Deltapine Cotton Yarns Irradiated With Cathode Rays Under Ambient 
Conditions Before and After Mercerization 


Dose, Copper no., Tensile strength Elongation Strength natural 
megarep g. Cu*/100 g. sample (rupture load), g. (50g. to rupture), % curve, %* 


Mercerized and then irradiated 


Control 5450 
0.05 5410 
0.1 6060 
1 4990 


10 2470 
100 140 


Irradiated and then mercerized 


Control 0.09 4930 13. 
0.05 0.11 4860 16. 
0.1 0.14 5160 45. 
1 0.46 4430 11. 


* The percentage of tensile strength with that of the control as reference; cf. [6]. 
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TABLE III. Properties of Deltapine Cotton Yarn Irradiated With Cathode Rays Before and After Partial Acetylation 


Tensile 
Acetyl strength 
Intrinsic* content, (rupture load), 
viscosity q g. 


Strength Elongation 

natural (50 g. to 

curve,t rupture), 
oF GF 

/€ /O 


Copper no., 
g. Cut/100 g. 
sample 


Dose, 
megarep 


Acetylated and then irradiated 


6.90 
6.93 
6.69 
6.99 
7.76 
12.01 


Control 13.4 
0.05 12.8 
0.1 ; 12.6 
1 6.1 
10 1.1 
100 0.22 


10.3 
10.4 
10.1 
9.2 
6.7 
2.1 


Irradiated and then acetylated 


6.64 
6.61 
6.70 
6.79 
7.08 


0.14 14.8 
13.0 
11.6 
4.5 


1.3 


Control 
0.05 0.16 
0.1 0.20 
1 0.42 
10 2.60 


4130 
4530 
4700 
4140 
1950 


100 
110 
114 
100 

47 


10.9 
10.7 
10.8 
10.1 

6.6 


The values were not corrected for rate 


* Ostwald pipettes were used with cupriethylenediamine hydroxide as solvent. 
of shear. 
t The percentage of tensile strength with that of the control as reference; cf. [6]. 





TABLE IV. Graft Polymerization of Acrylonitrile on 
Deltapine Cotton Yarn * 


that 
was 


acetylated and then irradiated and the yarn 
was irradiated and then acetylated. There 


Time yarn kept in acrylo- 

nitrile before removal 

and extraction, days 0 1 
Gain in weight, %t 5.18 3.98 


3 4 


2 ‘ 
7.24 3.21 3.81 


* Time of irradiation, 1.5 hr.; dose, 0.359 megarep. 
t The largest gain in weight among six blanks: 0.05%. 


than those of the samples that were mercerized and 
then irradiated. However, the pattern of the in- 
crease of the copper numbers is the same as that of 
those samples not mercerized [6]. Similarly, the 
pattern of the strength natural curve of the irradi- 
ated mercerized samples is the same as that of the 
unmercerized. 

The copper number, the intrinsic viscosity, the 
acetyl values, and the physical properties of the 
acetylated yarns are tabulated in Table III. The 
copper numbers and the values of intrinsic viscosity 
follow patterns similar to those of the irradiated 
raw cotton. The acetyl values of both the acetyl- 
ated and then irradiated yarn and the irradiated 
and then acetylated yarn are practically stable be- 
low the dose level of 10 megarep. At dose levels 
of 10 megarep and above, the values increase sub- 
stantially. This increase of the acetyl content is 
probably due to the formation of carboxyl groups 
in the cotton. There is no significant difference 
between the acetyl contents of the yarn that was 


no significant difference in tensile strength and 
elongation between the acetylated samples and 
those of the raw cotton yarn [6]. However, a 
marked increase in tensile strength was noticed in 
the yarn that was irradiated at dose levels of about 
0.1 megarep and then acetylated. 

Irradiation of yarn submerged in acrylonitrile 
was found to produce grafting to the extent of 3-5% 
by weight. There were some indications of radia- 
tion-induced grafting with methyl methacrylate, 
but the results with 4-vinyl-pyridine and styrene 
were inconclusive. Samples of the acrylonitrile 
grafted yarn showed slight decreases in strength in 
comparison with the original yarn. Further in- 
vestigation would be required to establish whether 
cotton of improved properties can be produced in 


this way. 
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Part III: 2-Thiobarbituric Acid Test for Degradation’ 
Huo-Ping Pan, B. E. Proctor, and S. A. Goldblith 


Abstract 


Raw cotton irradiated with cathode rays was found to form color compounds with 


2-thiobarbituric acid (TBA) in acidic solutions. 


The color intensity of the test solution 


was derived from cellulose and the minor constituents of raw cotton. 
A test method was evolved from this finding based on the measurement of the ab- 


sorption at 449 my. 


The color of the test solution is stable and the results of the test 
are reproducible; the test method is direct and rapid to perform. 


The results of this 


test compared well with those of the tests of tensile strength, copper number, and in- 


trinsic viscosity. 


A proposed cotton TBA index is defined. 


Microbiologically deteriorated cotton is also sensitive to this test. 
The possibility of using this test for the rapid determination of chemical damage 
to raw cotton and other substances that contain cellulose as the major constituent is 


suggested. 


Ir IS known that 2-thiobarbituric acid (TBA) 


forms color compounds when heated in acidic solu- 
tion with deteriorated lipids [2, 4, 6, 8, 11, 13, 16], 
lignin [3], milk [6, 9, 14] or lactose irradiated with 
cathode rays [15]. These color compounds in 
acidic solutions exhibit absorption in the region of 
visible light at a wavelength dependent upon the 
material tested. The absorption optical densities 
at these wavelengths are in most cases directly 
proportional to the degree of deterioration of the 
material tested. Cotton that had been irradiated 
with cathode rays was found to form color com- 
pounds with 2-thiobarbituric acid in acidic solu- 
tions, and a procedure for determining the chemical 
damage of the irradiated cotton was developed. 
The color of the test solution is stable and the test 
is reproducible. The results of this test compared 
well with other objective tests such as copper num- 
ber and fluidity, but were more speedily obtained. 


Materials and Methods 


An acidic solution of TBA was prepared as the 
color test reagent. With the aid of heat from a 
steam bath, 0.721 g. recrystallized TBA was dis- 
solved in distilled water, then transferred to a 
100-ml. volumetric flask, cooled, and made up to 


volume with distilled water. Equal volumes of 
this TBA solution and glacial acetic acid were then 
mixed, giving a final TBA concentration of 0.025 M. 
In the course of the investigation, yarn (I) and 
fabric (1) made of raw mature Deltapine cotton and 
yarn (II) made of raw immature Deltapine cotton 
were furnished by the Southern Utilization Research 
and Development Division of the United States 
Department of Agriculture. In the preliminary 
study USP cotton (III) (‘‘Red Cross Cotton,” 
Johnson & Johnson, New Brunswick, N. J.) was 
also used. The analytical data on the composition 
of cotton samples (1) and (I1) are given in Table I. 
In this TBA color test, 250 mg. of cotton (cut to 
short lengths) that had been conditioned in a 
standard atmosphere of 70° F. and 65% relative 
humidity was put into a 15-ml. centrifuge tube. 
About 2.5 mg. of pulverized solid surface active 
agent (‘‘Lakeseal,’’ Finger Lakes Chemical Com- 
pany, Etna, N. Y.) was sprinkled above the sam- 
ples, followed by the addition of 10 ml. of the TBA 
1 Contribution No. 350 from the Department of Food Tech- 
nology. This work was carried out under Contract No. 
12-14-100-483 (72) with the Southern Utilization Research 
and Development Division of the USDA. The authors 
wish to acknowledge the cooperation and assistance afforded 
them by this Division, in particular by Dr. C. L. Hoffpauir. 
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TABLE I.* Analytical Data on Composition of Cottons 
Used in the Investigation 


(as received basis) 


Raw immature 
Deltapine 
cotton 


(II) 


5.08 
1.44 
89.24 
0.21 
0.32 
0.25 
0.74 
0.90 


Raw mature 
Deltapine 
cotton 
Sample (I) 





5.48 
0.93 
89.87 
0.15 
0.07 
0.07 
0.64 
0.54 


Moisture 

Ash 

Cellulose 

Nitrogen 

Total sugar 

Reducing sugar 

Pectin 

Wax 

Ash alkalinity, 
meq./100 g. 

Ash alkalinity, 
meq./g. of ash 


11.86 20.96 


12.75 14.60 


* The analytical data presented here were prepared by the 
Southern Utilization Research and Development Division, 
USDA. 





reagent solution from a volumetric pipette. The 
sample was thoroughly dispersed in the TBA re- 
agent solution with a small glass rod. 

The centrifuge tube was put on a woven-wire test 
tube rack and immersed for 10 min. in a boiling 
water bath at 100° C. The length of this heating 
period was arbitrarily chosen. The mouth of the 
tube was covered with a glass marble which caused 
the vapor from the heated TBA solution to con- 
dense. The tube was immediately removed from 
the boiling water bath, cooled in running water, 
and centrifuged to remove the cotton. 

A rapid scanning spectrophotometer (American 
Optical Company) was used in the preliminary 
study to determine the visible light absorption 
spectrograms of the TBA reagent solutions that 
were heated with yarn (I) that had been previously 
irradiated with cathode rays [10] at various dose 
levels (Figure 1). 

Two maxima of absorption were found, the 
optical densities of which increased with the dose 
of radiation of the sample. The exact wavelengths 
of the maxima were determined (with a Beckman 
Spectrophotometer Model DU) to be 449 my and 
532 mu. The presence of a minute quantity of the 
surface active agent in the reagent did not affect 
the absorption intensity at either peak. 


An examination of the various spectrograms 
showed that the effect of cathode rays on the cotton 
was more noticeably displayed at the maximum of 
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wavelength 449 my than that of 532 mu. The 
former wavelength was therefore chosen for the 
measurement of optical density in the color test in 
which an acetic acid solution of TBA was used. 

The optical density of each TBA reagent solution 
was determined in silica cells.? 

2-Thiobarbituric acid of 0.025 M in 1 M meta- 
phosphoric acid had been used for the color test in 
a preliminary study. This solution, after being 
heated with cotton, showed absorption maxima of 
437 mu and 535 mu. However, these two maxima 
were not as intense as the corresponding maxima of 
449 my and 532 my that occurred in the reagent 
solution in which a higher concentration of acetic 
acid was used as solvent. 

The tensile strength test utilized an Instron ten- 
sile tester [10]. The copper number was deter- 
mined by Braidy-Heyes’ method [7 ] and the fluid- 
ity of 5 g. of cotton in 1 |. of cupriethylene diamine 
hydroxide with an Ostwald (Cannon-Fenske) 
viscosimeter of size 200 corrected to the velocity 
gradient of 500 sec. [1, 5]. 


Results and Discussion 


A test for the stability of the color of the reacted 
solution was carried out using yarn (1) as the test- 
ing material. The yarn was irradiated with cathode 
rays at dose levels of 1, 10, and 100 megarep.* 
After the removal of the cotton from the test solu- 
tion by centrifugation, the optical density of the 
solution at 449 my was immediately determined. 
The time at which the first recording was made was 
arbitrarily designated as zero minutes. Recordings 
of the optical density were made at 5-min. intervals 
for 30 min. ; the results, as shown in Table II, indi- 
cated that the optical density remained constant 
during the period of observation. If the cotton 
had been allowed to remain in the TBA solution, 
the optical density of the solution would have in- 
creased. 

The color intensity of the TBA reagent solution 
after being heated with cotton irradiated at differ- 
ent dose levels with cathode rays was reproducible. 
Yarn (II) irradiated upon dry ice with up to 10 


? TBA reagent solution attacks the surface of the ‘“Pyrex’’ 
and “‘Corex”’ absorption cells but not that of the silica absorp- 
tion cell. 

* Roentgen equivalent physical (rep) = amount of radiation 
of any type which imparts 83 ergs per gram of animal tissue. 
Megarep = 1 X 10° rep. 
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(h) 


Fig. 1. Light absorption spectrograms prepared with a rapid scanning spectrophotometer 
(American Optical Company) from 400 to 700 my of 10 ml. of 0.025 M 2-thiobarbituric acid solution 
in acetic acid after being heated at 100° C. for 10 min. with 0.25 g. of cathode ray irradiated cotton 
yarn (I). a—distilled water, b—blank TBA reagent (with detergent), c—control, d—0.05 
megarep, e—0.1 megarep, f{—1 megarep, g—10 megarep, h—100 megarep. 
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megarep was used in the test for reproducibility of 
the color intensity. Three samples were prepared 
from yarn (II) at each dose level; values are given 
in Figure 2. 

The optical density of the reagent solution was 
determined after the solution had been heated with 
yarn (I and II) and fabric (1) irradiated both under 
ambient conditions and upon dry ice; the results 
are given in Table III. 

Since the raw cotton might have formed color 
compounds with TBA in acidic solution, USP 
cotton (III) was irradiated with cathode rays at 
different dose levels under the same conditions as 
stated above in order to determine how the cellulose 
responded to the color test with TBA. The results, 
given in Table III, indicate that at low dose levels, 
purified cotton showed lower optical densities than 
did raw cotton, but that the optical density of the 
purified cotton increased more rapidly with an in- 
crease in dose levels than did that of raw cotton. 
At 100 megarep purified cotton showed a higher 


TABLE II. Color Stability of the TBA Reagent Solution 
After Being Heated with Yarn (I)* Irradiated 
Upon Dry Ice With Cathode Rays at 
Different Dose Levels 


Optical density at 449 mz 
Time after 1st reading, min. 
Dose, - — ——— — —— 


megarep 0 5 10 15 20 25 30 


0.184 
0.230 
0.510 
2.43 


0.183 
0.230 
0.510 
2.45 


Control 0.183 
1 0.230 
10 0.507 
100 2.42 


0.183 
0.228 
0.506 
2.40 


0.184 
0.230 
0.509 
2.45 


0.183 
0.230 
0.509 
2.45 


0.182 
0.230 
0.509 
2.45 


* The samples used in this test were irradiated at different 
times from those which appear in Table IV. 
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optical density than did raw cotton. The data also 
showed that at low dose levels (from control to 1 
megarep) the color of the TBA solution was im- 
parted essentially from the products of the minor 
constituents of cotton, probably sugars and pectin, 
whereas at high dose levels (from 10 to 100 mega- 
rep) the color is formed essentially from cellulose. 
In other words, cathode rays caused the deteriora- 
tion of the minor constituents of cotton more readily 
than of the major constituent, cellulose. Further- 
more, the higher rate of increase of optical density 
of the purified cotton indicated that purified cotton 
deteriorated to a larger extent with cathode ray 
irradiation than did raw cotton. 

Inasmuch as the purpose of the present investiga- 
tion was to treat raw cotton as a whole instead of as 
its constituents, no attempt was made to remove 
the minor constituents from the raw cotton, before 
or after irradiation, for the study cf the TBA color 
test. 

The values of optical density obtained from the 
samples of raw cotton irradiated with 0, 0.05, and 
0.1 megarep were steady, but the values increased 
with the samples irradiated with dose levels from 1 
to 100 megarep. 

The higher content of minor constituents in the 
cotton of yarn (II) than in the cotton of yarn (1) 
and fabric (I) was reflected in the higher value of 
optical density of the control sample of yarn (11). 
The inferior quality of yarn (II) in comparison with 
yarn (I) that was indicated by the tests of tensile 
strength, fluidity, and copper number is also re- 
vealed in this color test by a higher value of optical 
density. This test also indicated, as did the other 
tests, that cotton samples irradiated under ambient 


TABLE III. Optical Densities at 449 my of 10 ml. of 0.025 M 2-Thiobarbituric Acid in Acetic Acid After Being Heated at 
100° C. for 10 Min. With 0.25 g. of Cathode Ray Irradiated Cotton * 


Yarn (1) 
d.i.f 


Control 0.180 
0.05 0.176 
0.1 0.195 
1 0.267 
10 0.508 
100 2.10 


Dose, 
mega rep 


amb.f di. 


0.606 
0.609 
0.606 
0.653 
0.950 
2.25 


Yarn (II) 
amb. d.i. 


0.606 
0.609 
0.606 
0.643 
0.923 


Fabric (I) 


Cotton (IIT) 


amb. amb. 





0.070 
0.064 
0.066 


0.165 

0.167 

0.180 
0.225 0.237 0.140 
0.521 0.602 r 1.085 
2.15 t t 


0.181 
0.198 
0.175 


* The samples were taken from different parts of the spools and the rolls; they were irradiated in different batches and at 


different times. 


+ d.i., samples in sealed polyethylene bags irradiated upon dry ice; amb., samples in polyethylene bags irradiated under 


ambient conditions. 
t Optical density higher than 3. 


No measure was taken to prevent heating of the samples by irradiation. 
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* SAMPLE | 
* SAMPLE 2 
° SAMPLE 3 


3 


OPTICAL DENSITY AT 449 MAL 


005 01 05. 10 
DOSE ,MEGAREP 


Fig. 2. Reproducibility of the TBA color test as shown by 
the similarity in the values of optical density at 449 my of the 
TBA reagent solutions after heating with triplicate samples 
of cathode ray irradiated yarn (II). 


conditions deteriorate to a greater extent than those 
irradiated upon dry ice. 

To make it possible to compare the results of this 
TBA test easily and rapidly with those results ob- 
tained from the other tests, it was found convenient 
to substitute the reading of optical density with a 
TBA index under standardized test conditions. 

The proposed TBA index of cotton is defined 
as the value of one hundred times absorbency, ob- 
tained with a Beckman Model DU Spectrophotom- 
eter at 449 muy, of 10 ml. of the reagent of 0.025 M 
2-thiobarbituric acid in 50% acetic acid solution 
after heating for 10 min. at 100° C. with 0.25 g. of 
cotton against heated reagent solution as blank. 
The spectrophotometer must be specified because, 
in the color test of other materials with TBA, differ- 
ent spectrophotometers were found to give different 
optical density readings of the same TBA solution. 

A comparison between the proposed TBA index 
and the values obtained with other tests of irradi- 
ated cotton yarns is given in Table 1V. The TBA 
index of those cotton samples irradiated at low dose 
levels (up to 0.1 megarep) remained virtually 
steady, whereas the tensile strength increased. 
From a dose level of 0.1 megarep upward, the TBA 
index increased with the dose, whereas the tensile 
strength decreased. In comparison with the copper 
number at dose levels from control to 0.1 megarep, 
the copper number increased slightly, whereas the 
TBA index remained virtually the same, but from 
0.1 megarep upward, the TBA index increased with 
the corresponding copper number. 

Since the chemical reaction of the color formation 
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TABLE IV. Comparison of the TBA Index of Raw Cotton 
Yarns Cathode Ray Irradiated With the 
Results of Other Tests 


Fluidity, 
5 g./L., 
rhe 


Copper no., 
g. Cu/100 g. 
sample 


Tensile 
TBA strength, 
index g. 


Dose, 
megarep 


Yarn (I), irradiated upon dry ice 


Control 18.0 
0.05 17.6 
0.1 19.5 
1 26.7 
10 50.8 
100 210 


4000 
3950 
4240 
3640 
2190 

570 


0.20 
0.25 
0.25 
0.50 
2.53 
8.33 


2.65 

3.22 

3.65 
12.2 
42.3 
65.2 


Yarn (I), irradiated under ambient conditions 


Control 15.2 4220 0.26 
0.05 12.9 4270 0.33 
0.1 13.6 3970 0.32 
1 18.4 3540 0.61 
10 54.2 2080 3.23 
100 > 300 190 3.74 


2.53 

3.05 

3.45 
13.7 
47.4 
70.4 


Yarn (II), irradiated upon dry ice 


Control 60.6 3348 0.34 
0.05 60.9 3340 0.39 
0.1 60.6 3340 0.39 
1 65.3 3160 0.76 
10 95.0 1974 3.80 
100 225 291 8.55 


3.10 

3.65 

4.35 
13.9 
45.2 
69.4 


Yarn (II), irradiated under ambient conditions 


Control 60.6 3694 0.35 
0.05 60.9 3642 0.36 
0.1 60.6 3836 0.43 
1 64.3 3410 0.71 
10 92.3 2185 3.36 
100 > 300 266 8.62 


3.05 

3.50 

4.35 
14.5 
46.1 
67.9 


of TBA with cotton in acidic solution is as yet un- 
known, the TBA test of the chemical damage of 
cathode ray irradiated cotton is empirical and not 
specific. The TBA index of a cotton sample shows 
the chemical damage of the sample only in a general 
However, since the results of this test com- 
pared well with the other tests and the deterioration 
of cotton by cathode rays has been found to be 
similar to that brought about by oxidation [10], 
this test method may be useful as a means for a 


way. 


rapid routine determination of the chemical dam- 
age of raw cotton upon being received and during 
storage. This method may possibly be used to 
determine, under specified conditions, the chemical 
damage of any substance in which cellulose is a 
major constituent. 

Finally, it was found that 
deteriorated cotton also gives a color reaction with 
TBA in acidic solution. Cotton fabric (1), after 


microbiologically 
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TABLE V. TBA Test of Cotton Fabric (I) Deteriorated 
by Chaetomium globosum 


Time of incubation 
at 30° C., days 


TBA index 


8.4 

8.4 

8.6 
13.1 
24.0 
31.8 
31.1 
30.6 
36.8 
58.6 
68.3 


Ce eosauFrt WH OS 


—_ 


being washed with water, was inoculated with 
Chaetomium globosum and incubated [12]. Sam- 
ples of the incubated fabric were taken at one-day 
intervals for ten days. Spores appeared on the 
fabric on the third day of incubation. The samples 
were washed with water, air-dried, and then mois- 
ture-conditioned as usual. TBA color tests were 

The TBA index in- 
creased generally with the number of days of incu- 
bation; results are given in Table V. 


carried out on the samples. 
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Studies of the Movement of Wool Fibers in Fabrics 
During Felting, With Particular Reference to 
the Permanency of Pleats 


Part I: Light Felting and its Effect on Pleats in a Worsted Fabric 
K. Rachel Makinson 


Division of Textile Physics, Wool Research Laboratories, Commonwealth Scientific 
and Industrial Research Organisation, Ryde, N.S.W., Australia 


Abstract 


Pleats in a worsted fabric which were fast to relaxation in hot water were readily 


destroyed by light hand washing. 


felting. 


This has been shown to be due to small movements 
of the fibers, of the order of 0.5-1.0 mm. 


These movements are the initial stage of 


They destroy the pleats by blurring the position of the region of maximum set 
and by imposing temporary opposing sets on the fibers. 


The shape of the fibers has 


been studied, and their radius of curvature and two other parameters have been meas- 


ured. 


Fibers from unpleated regions of the fabric undergo similar movements and deforma- 
tions on washing, but their overall shape is unchanged, since it is determined by the 


geometry of the fabric. 


Introduction 


Since the introduction of wash and wear fabrics 
there has been considerable interest in improving 
the pleat retention of wool fabrics. Various proc- 
esses have been suggested [2, 3, 6, 11] for holding 


the crease in trousers or the pleats in skirts against 


changes of humidity and even immersion in water, 
and at least one of them [2, 3] has been developed 
commercially. The pleats are not, however, fast 
against washing. This was considered to be due 
to felting, since the pleats could be made fast to 
washing if the fabric was given a-thorough anti- 
felting treatment as well as the pleatsetting treat- 
ment [4 ]. 

The problem examined in this paper is exactly 
how, in a particular worsted fabric, felting spoils 
pleats which are fast to relaxation in hot water. As 
this problem is really a series of questions, each 
arising from the previous one, the experimental 
results are presented for each question in turn, 
while the conclusions are summarized at the end 
of the paper. 


Materials Used 


The worsted fabric used had the following speci- 
fications: 


Wool quality 60 

Fiber diameter (mean) 23.3 uw 

Fiber length (mean) 7 cm. 

Yarn linear density 2/25 tex 

(Counts 2/36 worsted) 

Spin twist Between 12 and 13 
turns/in. (Z) 

13 turns/in. (S) 

Plain 

53/in. 

42/in. 


Folding twist 
Weave 

Ends 

Picks 


The warp and weft were similar. The fabric was 
received in the unfinished (grey) state and was 
stabilized as required by pressing or steaming. The 
color was white, with a small admixture of red 
fibers (see Part I1). 

The wet fabric was folded along either the warp 
or the weft, held between glass plates under moder- 
ate pressure, and pleated by steaming in a pressure 
cooker at about 250° F. (121° C.) for 5 min. or 
sometimes longer. This treatment gave pleats 
whose appearance was unaffected when the fabric 
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was dropped into a beaker of initially boiling water 
and left while the water cooled down. Such pleats 
will be referred to subsequently as ‘“‘fast to relaxa- 
tion in hot water.” 

These pleats were rapidly spoiled even by light 
hand washing. It was thought [4] that this was 
due to felting, but no felting could be detected by 
the naked eye or by microscopic examination until 
after much heavier washing. The first problem 
was, therefore, to test this supposition by more 
delicate methods. 


Question 1: Is the Deterioration of the 
Pleats due to Fiber Movement? 
Technique and Results 


Fine black lines were printed on the fabric at 


intervals of either } or } in. The aim was to put a 


sharp mark about 0.01 in. (0.25 mm.) wide on every 


erie Me 6! § 
ahs wd wth ana 
a 5 7 ee * a a 
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fiber crossing each line. This aim was not achieved 
and, according to the requirements of any particu- 
lar experiment, either a wider line was used or else 
a rather small fraction of the fibers crossing each 
line was printed. When printing was light, the 
dye was mostly taken up on the warp yarns, since 
these lay more on the surface than the weft did. 

Printing was carried out with either a silk screen 
or an engraved plate. The printing paste included 
a solvent [5, 10], benzyl alcohol, which reduced the 
steaming time needed to fix the dye on the fabric 
to 2 or 3 min. at 250° F. (121° C.). The fabrics 
were immersed for examination in o-dichlorobenz- 
ene, in which the white fibers are invisible and only 
the printed regions are seen. 

Pleats were set in the fabric, as described previ- 
ously, with their apexes along selected printed lines. 
After light hand washing, sufficient to spoil the 


Fig. 1. Fiber movement during 
light washing. A piece of printed 
fabric (a) before and (b) after 
washing. Magnification 3.9X. 
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pleats but not to produce any macroscopic felting, 
the spots of dye which formed the printed lines 
were blurred by movement of the individual fibers. 
This is illustrated in Figure 1 for an unpleated 
piece of fabric, which is easier to photograph; 
exactly similar results were obtained with pleated 
fabrics. 

Microscopic examination of washed fabric shows 
that the blurring is due to the fibers’ moving as 
individuals. They stay in their own yarns and 
move along their own lengths. This is illustrated 
in Figure 2, which shows the regions R and S of 


Fig. 2. Fiber movement during 
light washing. The regions R and 
S of Figure 2 at a magnification of 
40.5X; (a) and (b): R before and 
after washing, respectively; (c) and 
(d): S before and after washing, 
respectively. 
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Figure 1 at 40X magnification. A slightly greater 
area has been taken for R after washing than before, 
in order to show as much as possible of the displace- 
ments of the fibers. In R (Figure 2a), the printed 
line lies along the weft, and most of the dye is, as 
usual, on the warp. After the washing process, the 
printed portions of the fibers have been displaced 
varying distances along their own yarns (Figure 
2b) ; i.e., mostly at right angles to the line. In the 


region S (Figure 2c) the printed line lies along the 
warp, and the dye is almost entirely on the warp. 
Movement of the warp fibers along the warp direc- 
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tion during washing (Figure 2d) has run the origi- 
nally discrete spots into a continuous line. 

The mean displacement of the fibers in Figures 1 
and 2 is of the order of 0.02 in. (0.5 mm.). This 
amount of movement in pleated samples has been 
found sufficient to spoil the pleats very badly. 

It may be noted in passing that this printing 
technique provides a sensitive test for small degrees 
of felting. 


Question 2: Is this Fiber Movement a 
Felting Movement? 


It is conceivable that these very small movements 
could be due to random plucking and pulling of the 
fibers or to release of strains imposed during spin- 
ning and weaving. That this is not so, and that 
the movements are characteristic of felting, has 
been confirmed by the following three experiments, 
as well as, implicitly, by most of the experiments 
described later. 


Relaxation Experiment 


If the movements are due to the release of strains 
imposed during spinning and weaving, they can be 
produced by relaxation without agitation. Before 
the printed and pleated pieces of fabric described 
above were washed, some pieces were cut off, 
dropped into a beaker of initially boiling water, and 
left to cool down. The pleats were not damaged 
and the lines were not blurred; i.e., no fiber move- 
ment had occurred, either at the pleats or elsewhere. 
The movements are not, therefore, due to release 
of strains in the fabric. 


Direction of Fiber Movement 


Samples of fabric were chosen in which the 
printed lines were very fine in some places (0.3—0.5 
mm). The lines lay along the weft, with the spots 
of dye lying as usual mostly on the warp. One of 
the samples, from which most of the fibers examined 
were taken, was pleated along these lines. The 
samples were lightly washed until the pleats were 
spoiled but still detectable and the fiber movement 
was of the order of 0.5 mm. Since the optical 
conditions in microscopic examination of a fabric 
are not good enough for resolution of the scale struc- 
ture of the fibers, the following procedure was 
adopted to determine the direction in which the 
scales pointed. The fabric was cut along the 
center of a suitably fine printed line, and snippets 
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of warp yarn were removed from each side of the 
cut. These snippets were kept as short as was 
compatible with the requirement that the band of 
print on any fiber was distinctly nearer to the end 
which had been at the center of the line than to the 
other end. This gave lengths of 3 or 4 mm. 
(crimped). These snippets were teased out and 
the fibers were examined microscopically. All 
unprinted ones were discarded; so were any which 
were printed exactly on the cut end, since these 
could not have moved appreciably. The rest must 
have moved in the direction from their printed to 
their unprinted ends. The direction of the scales 
on all these was determined, and in 102 out of the 
104 cases examined it was found that these fibers 
had moved towards their own root ends; in the 
other two cases they had moved towards their tips. 
(81 of these 104 fibers were drawn from various 
pleated regions of the first fabric, and the remaining 
23 from a second, unpleated, fabric.) 

This movement of the fibers towards their own 
root ends characterizes felting. If the movement 
were due to random pulling of the fibers, or to re- 
laxation of any strain, there might be some bias 
towards the one direction, but it could not be as 
large as this. 


Effect of Antifelting Treatments 


Pieces of fabric were made resistant to felting by 
treatment with (1) methoxymethyl nylon [9] or 
(2) alcoholic caustic potash [7 ]; they were printed 
and pleated as above and washed by hand. The 
sharpness of the pleats in Sample 1 was only 
slightly reduced by very vigorous washing, and no 
movement of the fibers could be detected on micro- 
scopical examination. The sharpness in Sample 2 
was slightly reduced by washing which was rather 
less vigorous, but vigorous enough to have produced 
considerable felting in an untreated fabric. On 
microscopic examination, a very few fibers were 
found to have moved about 0.25 mm., but the great 
majority had not moved detectably. (The limit 
of detectable motion in this case was estimated at 
about 0.1 mm., which is larger than usual, because 
the printed lines were always rather broad on the 
fabric treated with alcoholic caustic potash.) 

It appears that treatments which prevent or re- 
duce felting also prevent or reduce the small longi- 
tudinal movements of the fibers which spoil the 
sharpness of pleats. 
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Question 3: Is There any Loss of Set in the Fibers 
at a Pleat When These Small Movements Occur? 


It is obvious that the small longitudinal move- 
ments of the fibers during washing will blur a pleat 
by displacing the regions of maximum set on differ- 
ent fibers. The question arises whether there is 
also some change in the shape of the individual 
fibers during or as a result of their movement. 

Theoretically, the best way to determine the 
shape of fibers in a fabric is to embed the fabric in a 
medium which will prevent subsequent movement 
of the fibers and then to cut longitudinal sections 
for microscopical examination. This method has 
been used by Holdaway and Laws [8]. It has the 
disadvantage that few sections include a consider- 
able length of any one fiber, so that the procedure 
is too time-consuming for general use. In the work 
described here the fibers have been studied indi- 
vidually, without embedding, under conditions 
such that any change of shape which may occur 
when the fibers are separated out from the yarn is 
similar for all specimens and does not mask any 
important differences among the specimens. 


Preparation of Specimens 


The small pieces of pleated and unpleated fabric 
which were to be examined were all kept at the same 
conditions of temperature and humidity (68° F., 
65% RH) for at least a week before the specimens 
were prepared, and the whole preparation was car- 
ried out under the same conditions. Pieces of yarn 
about 2-3 mm. long were cut out from the regions 
of interest and the fibers were teased apart; they 
were very little strained by this, as their length was 
so small. The pieces of fiber were mounted on 
microscope slides in Canada Balsam. They lay 
fairly flat even before mounting, and any errors 
introduced into the measurements by their depar- 
ture from planarity were too small to invalidate the 
conclusions drawn. Such errors were in any case 
approximately the same for all specimens of fabric. 

As the contrast in the prepared slides was low, 
shadowgraphs [1] were prepared by making nega- 
tive contact prints of the slides on photographic 
plates. Positive prints at a magnification of about 
50 times were made from these negatives with a 
projector. 

All the pleats for which data are reported here 
were made along the weft of the fabric, and the 
shape of the warp yarns was examined. 
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Definition of the Shape of Fibers at a Pleat 


When a pleat is made along either the warp or 
the weft, its apex may lie symmetrically along a 
yarn, symmetrically between two yarns, or in some 
intermediate position. The first class is the most 
sharply definable, and has also been found to occur 
surprisingly often when pleats are set without in- 
tentional bias to any one type (11 out of 16 cases). 
This type of pleat has therefore been adopted as 
the standard for this study. 

In such a pleat, alternate yarns assume the con- 
figurations shown in the lower diagram of Figure 3, 
the single-bend shape shown in full line and the 
double-bend shape shown in broken line. The 
upper diagram shows the shape of the yarn in the 
unpleated fabric. The shape of the component 
fibers is substantially the same as that of the yarn, 
except for the modifications due to twist and ply. 

In Figure 4 are shown tracings of typical photo- 
micrographs of fibers from an unpleated fabric 
(Figure 4a), a single-bend yarn (Figure 4b), a 
double-bend yarn (Figure 4c), and a very strongly 
pleated single-bend yarn (Figure 4d). The photo- 
graphs were prepared as described above. It is 
clear that visual inspection gives much information 
about changes of shape, but a quantitative expres- 
sion of the shape is also desirable. Each of the 
following three parameters illustrated in Figure 4 


Fig. 3. The shape of the yarn in unpleated (upper) and 
pleated (lower) fabric. The broken line (double-bend yarn) 
shows a section one yarn behind that of the full line (single- 
bend yarn). 














(d) 


Fig. 4. The shapes of fibers from a fabric. Tracings of 
photographs of fibers from (a) unpleated region; (b) a single- 
bend yarn; (c) a double-bend yarn; (d) a more strongly pleated 
single-bend yarn. Magnification 11. The black regions 
were printed while the fibers were in the fabric. 


(a to c) has proved useful for this purpose: (a) the 
radius of curvature r at the position of maximum 
curvature; (b) the angular distance @ over which 
this maximum curvature is constant; and (c) the 


chord length d between successive peaks of the 
‘‘wave’’ form on the same side of the fiber, and on 
opposite sides of the pleat if there is one. 


This is 
equal to the “wavelength” in the case of an un- 
pleated fiber and is usually equal to the shortest 
chord in the case of a single-bend fiber. 

It is emphasized that the parameters 7, 6, and d 
have been used as measures of the shape of any 
fiber over that part of its length where its curvature 
is a maximum after any particular treatment. The 
parameters have not been used to follow the changes 
of shape of any particular portion of a fiber. The 
portion which has the maximum curvature after 
treatment, e.g., after washing, is often but not 
always the same portion which had the maximum 
curvature before treatment. 


“é 


Method of Measurement of the Parameters Which 
Describe the Shape of a Fiber 


The parameters r, 6, and d were measured on the 
prints at a magnification of about 50 times. 
measured directly. 


d was 
r and @ were measured by 
fitting circles, marked off with an angular scale, to 
the photographs of the fibers ; following a suggestion 


TEXTILE RESEARCH JOURNAL 


made by Mr. N. F. Roberts of this laboratory, an 
automatically focussed photographic enlarger was 
used to project a circle of continuously variable 
radius on the prints. 


Observed Shapes of Fibers in Unpleated and Pleated 
Regions of a Fabric 


The tracings of Figure 4a show the typical form 
of fibers from the unpleated regions of the pleated 
fabric. These regions had, of course, been pressed 
during the pleating process, so that the fibers had 
been set into the shape which they held in the fabric ; 
fibers drawn from the grey fabric, subjected to no 
setting treatment, lay in curves of much larger 
radius, and in the lengths used here could not be 
said to have any characteristic shape. In the fibers 
shown in Figure 4a a fairly regular undulation is 
obvious. Inspection of the fabric shows that this 
is due principally to the combined effects of the 
weave-crimp of the yarn in the fabric and the re- 
sultant twist in the 2-ply yarn; the component 
singles yarns retain very little twist about their 
own axes after folding. 

Figures 4b and 4d show fibers from single-bend 
yarns, and Figure 4c shows fibers from a double- 
bend yarn. It is clear that pleating produces quite 
characteristic changes of shape. 

The mean values of 7, 6, and d after various treat- 
ments are given in Table I. [t is clear from the 
data headed ‘‘Unwashed”’ that when the fabric is 
pleated r is decreased and @ is increased. d is de- 
creased for fibers in the single-bend yarns but not 
in the double-bend yarns. 
that in 7 is smallest. 


Of the observed changes, 
This is to be expected, since 
in both the unpleated and the pleated fabric r is 
determined by the diameter of the orthogonal yarn 
around which the yarn under consideration is bent 
or wrapped ; the principal effect of pleating is that 
the latter yarn is wrapped further round the former ; 
changes in the diameter of the former are smaller. 

It is clear that any of the parameters 7, 6, and d 
(single-bend) can be used to describe the shape of 
the fibers, r being the least sensitive. d (single- 
bend) is much the easiest to measure, and is the 
best choice if a parameter is wanted merely to 
specify the degree of “‘pleatedness’’ of the fibers. 

The frequency distributions of these three param- 
eters were plotted in each case examined. The 
only markedly unusual ones occurred in the case of 
d for single-bend fibers from Sample II, which had 
been pleated longer than Sample I. They showed 
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TABLE I. 


Effect of Various Treatments on the Mean Values of the Parameters Used to Define the 


Shape of Fibers in a Pleat 


Radius r, mm. 


Sub- 


Treatments sample 


Unpleated 
Pleated, SB* 
Pleated, DB* 


0.26 
0.21 
0.21 


Unpleated 
Pleated, SB 


0.30 
0.21 


Pleated, SB, relaxed in 
fabric 

Pleated, SB, washed and a 
then relaxed individually b 


0.22 


* SB and DB indicate single-bend and double-bend yarns respectively (see Figure 3). 


was 5 min. and for Sample II, 20 min. 


Statistical Treatment 


Unwashed Washed Unwashed Washed 


Angular extent @, ° Chord length d, mm, 





Unwashed Washed 


1.11 
0.86 
1.10 


0.26 104 104 
0.25 153 131 
0.24 140 116 


0.26 87 93 
0.26 128 104 


1.12 
0.96 


133 
0.22 130 
0.21 122 


0.35 
0.55 


The time of pleating for Sample I 


The sources of variation which had to be considered were treatments, regions within the fabric, yarns within the regions, 


and plies within the yarns. 


These were considered fully for Sample II by taking, for each set of treatment conditions, two 


neighboring yarns from each of two different regions and dividing the yarns roughly into plies before mounting them. An 


analysis of variance was made for each of the quantities r, 6, and d for each sample. 


homogeneous in each case. 


The significance levels of the differences due to treatments were then derived. 


The last three of the four sources were 
All differences 


referred to in the text as significant were so to at least the 0.1% level unless a lower level is specified. 
The inherent sources of variation in Sample I were assumed to be the same as in Sample II, and only one yarn was examined 


for each set of treatment conditions. 


a second, very narrow peak in the distribution of d 
at d = 0.0 mm., with only a few negative values. 
This can be ascribed to the physical restraints on 
the actual crossing over of a fiber on itself, so that 
most of the values which would have been negative 
for a normal distribution were crowded up at the 
zero. This effect does not invalidate the statistical 
tests. 


The Effect of Relaxation in Hot Water 


All the pleats studied in this work were unaffected 
when they were dropped into a beaker of initially 
boiling water and left to cool down in it. This is 
the treatment called ‘“‘relaxed in fabric’’ in Table | 
(Sample Il). It can be seen that there is no sig- 
nificant change in the shape of the fibers from a 
pleat after this relaxation. It was found also that 
the peak at d = 0.0 mm. was still present. 


The Effect of Washing 


Portions of each sample were washed by hand in 
hot, soapy water, Sample I until the pleats were 
spoiled but still detectable and Sample II until 
they were quite undetectable. The fiber move- 
ments in the samples were then of the order of 0.5 
mm. and 1.0 mm. respectively. 


The shape of fibers from the unpleated regions of 
the fabric was not significantly changed by this 
treatment. Fibers from the pleats took up a shape 
intermediate between the pleated shapes of Figure 
4 (b, c, and d) and the unpleated shape of Figure 
4a, the extent of the change depending on the 
original strength of the pleat and on the severity of 
the washing. In the strongly-pleated but well- 
washed Sample II, this reversion to the unpleated 
shape was so nearly complete that it was often im- 
possible to decide by visual inspection whether an 
isolated fiber had been taken from an initially un- 
pleated, a single-bend, or a double-bend yarn. 

Measurement of the mean values of 7, 6, and d 
(Table 1) showed that for both samples the rever- 
sion to the unpleated values was complete for r but 
incomplete (1% level) for 6 and for d (single-bend). 

The peak observed in the frequency distribution 
of d at d = 0.0 mm. for the single-bend fibers from 
Sample II disappeared completely on washing. 

The data given in Table I include fibers which 
have not moved as well as those which have. There 
was no sign of any separation of the two groups in 
the distribution curves. It may be deduced that 
all the pleated fibers have changed their shape 
similarly, whether they have moved or not. 





Question 4: Is This Change of Shape 
Due to a True Loss of Set? 


Relaxation Experiment 


Short lengths of fiber were extracted from a 
single-bend yarn at a pleat in the washed portion of 
Sample II. Some of them had reverted so far to- 
wards the unpleated shape that it was impossible to 
tell, once they were isolated, whether they had come 
from an unpleated, a single-bend, or a double-bend 
yarn. They were placed on a microscope slide and 
a drop of water was added while they were watched 
through a microscope. As soon as the water was 
added they began to change their shape, and in a 
few minutes they recovered their pleated shape at 
least partially. The extent of the recovery of each 
was seen to depend on the degree of constraint ex- 
erted on it by surface tension and by entanglement 
with other fibers. Typical values of r, 6, and d for 
two different subsamples of these ‘individually 
relaxed”’ fibers, after they had dried on the slide 
and been mounted as usual, are given in the last 
two lines of Table I. The subsample b was more 
constrained during relaxation than a. Comparison 
with the data given in the fifth line of the table 
shows that both subsamples partially recovered 
their pleated shape. 

The peak in the frequency distribution of d at 
d = 0.0 mm. reappeared after this treatment, more 
markedly in subsample a than in b. 

It appears that the change of shape on washing 
is due, not to a true loss of set, but to the superposi- 
tion of a more temporary or even merely ‘‘co- 
hesive’’' set which opposes the more permanent set 
produced during pleating. 


Flexing Experiment 


Another experiment was designed to illustrate 
macroscopically the superposition of temporary 
reverse set on the permanent set in a pleated fabric 
and to test at the same time whether a pleat which 
was fast to relaxing in hot water could be spoiled 
by such reverse set if no longitudinal movement of 
the fibers was permitted. 

The fabric, printed along the pleat, was grasped 
by clamps about 1 mm. back from the apex of the 


1 A cohesive set is one which is produced merely by drying 


the fiber at room temperature in the deformed shape. It can 
be removed by allowing the fiber to relax in water at room 
temperature. 


TEXTILE RESEARCH JOURNAL 


pleat on each side and was flexed to and fro through 
340° for 200 or 1000 cycles in alkaline soap solution 
at 60° C. After this treatment, the printed line 
was still sharp, confirming that the clamps had 
prevented the fibers from moving longitudinally. 
Nevertheless, the sharpness of the pleat was re- 
duced. It was restored when the fabric was re- 
laxed in boiling water, though not when it was 
relaxed in soap solution at 70° C. 

This flexing imposes on all the fibers simultane- 
ously reverse forces of the same general nature as 
they experience individually when they move 
through the fabric during washing. In both cases 
the original (pleated) shape of the fibers is parti- 
ally destroyed, not by a true loss of set, but by the 
superposition of a less permanent opposing set, 
which in washed fabrics is merely ‘‘cohesive,’’ but 
in flexed fabrics is more correctly ‘‘temporary,”’ 
since in this case it is found that the fibers do not 
fully recover their original shape when they are re- 
moved from the fabric and wetted. 


Conclusions 

When the worsted fabric examined here is 
washed, small movements of the fibers occur before 
any macroscopic felting is visible. This is the 
beginning of felting, since the fibers move, relative 
to their neighbors, towards their own root ends. 

The overall shape of fibers from unpleated regions 
of the fabric is not changed by these movements, 
but fibers from pleated regions partially reassume 
their unpleated shape. This is not a true loss of the 
set imposed during pleating, but rather the super- 
position on it of an opposing set which has a much 
more temporary, even merely cohesive, character, 
being released when the fibers are separated out 
and wetted. 

This opposing, temporary set is imposed basically 
by the fabric geometry. As any fiber moves 
through the fabric, it is so constrained by the forces 
between its neighbors and itself that initially it can 
move only along the direction of the twist in its 
own yarn and remains interlaced with the yarns at 
right angles to it. The overall shape of an un- 
pleated fiber is therefore unchanged by this move- 
ment, although any given part of it is deformed to 
an extent which varies in an alternating manner 
with the distance moved. A pleated fiber, how- 
ever, is deformed away from its pleated shape, with 
small probability that the forces exerted by the 
other fibers, some of which are themselves moving, 
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will be so coordinated as to reimpose this shape 
anywhere along its length. 

The forces involved are exerted reciprocally by 
the moving fibers on the stationary ones, so that 
when enough fibers have moved, the stationary 
ones also are deformed, losing their pleated shape. 

All these deformations are set in the fibers when 
the fabric is dried. 

Pleats which are fast to relaxation in hot water 
are spoiled by washing because of the movements 
of the fibers, which act in two ways: they blur the 
position of the apex of the pleat and they destroy 
the pleated shape of individual fibers. Move- 
ments of the order of 0.02 in. (0.5 mm.), which is 
about one yarn diameter, are sufficient to spoil a 
pleat very badly in the worsted fabric studied, and 
movements of 0.04 in. (1.0 mm.) are sufficient to 
destroy the pleat completely. 
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Part II: Heavier Felting in a Worsted Fabric 


_ Abstract 


The configurations of the wool fibers in a worsted fabric have been studied at various 


stages of washing. 


Before there is any perceptible felting, small movements of portions 
of some fibers towards their root ends occur. 


These movements continue on further 


washing until loops are formed over some parts of the fibers while other parts are taut. 


At this stage felting and shrinkage become perceptible. 


tanglement of the loops occurs. 


At a later stage of felting, en- 


The observed behavior of the fibers agrees well with 


that to be expected if Shorter’s theory of felting is correct; there is no indication that 
the mechanism suggested by Martin plays any important part in the felting of this 


particular fabric. 


Introduction 


In Part I, the initial stages of felting in a worsted 
fabric were studied, particularly in relation to the 
spoiling of pleats by washing. In the present paper 
the behavior of the fibers in the same fabric at later 


stages of felting is described, with no direct reference 
to pleats. 
Techniques 


During the manufacture of the white worsted 
fabric described in Part I, 1.5% of red wool fibers 
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was blended into the white before combing. In 
some of the fabric these fibers were incorporated 
in the warp only, and in some in both warp and 
weft. 

The paths of these red fibers in the fabric were 
observed by immersing the fabric in o-dichloro- 
benzene, the refractive index of which closely 
matches that of wool, so that the white fibers were 
invisible in it. For microscopic examination a 
stereoscopic microscope was used. 

A similar technique has been used, with Fibro 
yarns and cotton slivers, by Morton and Yen [6] 
and by Morton [5]. Morton and Yen used 
1.0% of dyed fibers in their study of Fibro yarns 
and found the proportion too high for their work; 


ze Printed line on fabric 
= Print on individual fibre 








Fig. 1. Typical loops formed in fibers at various stages 
of washing. (a) After first wash; (b) and (c) after third 
wash; (d) after fourth wash. 
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Morton subsequently used 0.1%. A higher propor- 
tion was chosen for the work reported here, so that 
events involving two fibers could be studied, but 
the work has shown that the 1.5% used was rather 
too high for the study of single fibers; only rarely 
could one red fiber be followed along most of its 
length without confusion with neighboring red 
fibers. 

The fabric was printed along both warp and 
weft with black lines } in. apart, as described in 
Part I. These lines had two uses: they marked 
individual fibers crossing them and provided a 
scale for the determination of linear and area 
shrinkages. The printing process also set the 
fabric, which had been received in the grey state. 

Felting was carried out by washing the fabric in 
hot alkaline soapsuds on a scrubbing board. The 
fabric was fairly difficult to felt because of the 
long fibers, their good parallelism, the high folding 
twist, and the fairly close weave. <A good deal of 
vigorous rubbing was needed to produce any 
felting visible to the naked eye; after this, felting 
proceeded a little more rapidly. This point is 
discussed below. 

At various stages of washing, the fabric was 
rinsed, dried, and immersed in o-dichlorobenzene 
for examination. 


Results 

The Initial Stages of Felting 

It has been established in Part I that at an early 
stage of washing, before any felting is visible to the 
naked eye and while the characteristic shape of the 
fibers in the unpleated fabric is unchanged, in- 
cipient or microfelting occurs, the fibers undergoing 
longitudinal displacements of up to about 1.0 mm. 
towards their root ends. 

Examination of the position of the printed marks 
along any one red fiber shows that these displace- 
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Fig. 2. 


thickness exaggerated. 


The configuration of a fiber in a fabric at various stages of washing. 
Duration of washing increases from (a) to (d). 
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Magnification 2.3X along length of fiber; 
The position of the fiber normal to the plane of the 


drawing has been indicated, at a few places where it varied considerably, by ‘‘DowN” and “uP”. 
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ments, although always in the same direction, vary 
in magnitude along the length of the fiber. There 
are one or more positions where they have maxi- 
mum values, and they fall to zero within an inch 
or so of the maximum. In this worsted fabric, 
therefore, as in the hand-knitting yarn studied by 
van der Vegt and Schuringa [10], the fibers are not 
displaced bodily by felting. This conclusion was 
found to hold for higher degrees of felting also, 
although the lengths of the portions which moved 
more or less bodily increased with the degree of 
felting in the range studied. 


More Advanced Felting 


On further washing, the micromovements con- 
tinue and extend to more fibers. At the stage at 
which felting is perceptible to the naked eye, 
microscopic examination shows two new types of 
disturbance: the formation of loops in the fibers, 
as shown in Figure 1a, and working out of a few 
fiber ends to the surface of the fabric. The loops 
result from the nonuniformity of the micro- 
movements along any one fiber and are exactly 
what would be expected on the basis of Shorter's 
theory of felting [8] (see Discussion below). 

On further washing, the loops begin to snarl 
(Figure ib), the finer fibers doing so before the 
coarser ones. At about the same stage, entangle- 
ment of the loops is first seen (Figure 1c) ; entangle- 
ment may occur sooner, but as only the 1.5% of 
fibers which are dyed red are visible, the proba- 
bility of seeing any event involving two fibers is 
small until the event is quite frequent. At this 
stage also, free fiber ends, about 1-2 mm. long, 
are sometimes seen to leave their own yarn and to 
turn bodily through as much as a right angle from 
their original direction. 

The variation in configuration along a single 
fiber is illustrated by Figure 2, which shows! a 
large part of the path of one particular fiber at 
various stages of washing. The magnification 
along the length of the fiber is about 2.3 X ; it has 
been necessary to exaggerate the thickness arbi- 
trarily for reproduction. The red-dyed fibers did 
not take up the black dye easily, and this fiber had 


1 A drawing prism was used to trace the main course of the 
fiber, but details were often drawn freehand because of the 
need for constant changes of focus and for stereoscopic view- 
ing. The junctions of different fields of view may have been 
slightly mismatched, but the qualitative picture presented 
by the tracings is accurate. 
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escaped printing at almost every line, so the move- 
ment of particular small regions could not be 
studied. The positions of the printed lines on the 
fabric have been indicated wherever they were 
distinct; fiber movement blurred them during 
washing. Their spacing was initially (after fixing 
and before washing) 0.23 in., and decreased during 
washing; at the stage of Figure 2c it was 0.19 in. 
at the center and 0.20 in. around the edges. Exami- 
nation of the figure shows that the relative spacing 
of the lines varies during washing. 

Over the region AB near one end of the fiber 
shown in Figure 2, considerable looping occurs at 
an early stage in washing. From B to some rather 
variable position C there is a region over which the 
fiber is, until a late stage of washing, much 
straighter, in the sense of being comparatively free 
from undulation of short wavelength, than fibers 
ever are in the unwashed fabric, as may be seen by 
comparing it with the red fibers, which show as 
grey ones in Figures 1 and 2 of Part I. It may 
reasonably be assumed that this region of the fiber 
is under considerable tension. Beyond this there 
is a region CD in which the course of the fiber is at 
first very like the typical undulating course in the 
unwashed fabric. 
2c only. 


This has been shown in Figure 
After very heavy washing this region 
small loops (Figure 2d). The 
course of the fiber could only once be followed 
beyond D (Figure 2c); it was then found to be 
heavily looped. 


develops some 


It has not been possible to determine directly 
which end of this fiber was the root end, but 
indirect evidence shows that it was the end nearer 
A (see below). 


Discussion 
The Initial Stages of Felting 
If felting is to be produced in any mass of fibers, 
the forces applied must exceed a certain minimum 
value. This has been explained by van der Vegt 
and Schuringa [10]. 
condition 


In a fabric, even when this 


is satisfied felting does not become 
visible until agitation has proceeded for a certain 
time; there is a ‘‘delay” or “induction period”’ [4 ]}, 
which King [1] and Schofield [7] ascribed to the 
necessity of breaking down the weave and yarn 


The 


induction 


structures so that the fibers could entangle. 


worsted fabric used here shows this 


period, and it is now clear how the breaking down 
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of the structure in this fabric takes place. Lengths 
of an inch or so along some fibers are moved by the 
external forces irreversibly [8] toward their root 
ends; the forces acting on them during this move- 
ment, and the nature of the deformations imposed, 
have been discussed in Part I. These movements 
draw up the slack on the rear part of the moving 
portion and eventually produce loops on the front 
part. When the loops become big enough to 
snarl and entangle, felting becomes visible to the 
naked eye; at about the same stage the straight 
portions of the fibers become taut and area shrink- 
age begins. This is further discussed in the next 
section on more advanced felting. At this stage 
the induction period is over and felting in the 
macroscopic sense has begun. 


More Advanced Felting 


Most of the theories of felting which have been 
proposed at various times have been surveyed by 
Moncrieff [3]. Of these theories, those due to 
Shorter [8] and to Martin [2] describe the sup- 
posed movements of the individual fibers in most 
detail. Shorter suggested that the longitudinal 
movement of a fiber in a fabric was restricted by 
two different types of entanglement, either of which 
could occur anywhere along its length: partial 
entanglement, through which the fiber could be 
moved by external forces towards its root end, but 
not back because of the additional resistance to 
motion offered by the scales in this direction; and 
complete entanglement, through which the fiber 
could not be moved at all. When the “arrow- 
head” formed by the scales pointed from a partial 
to a complete entanglement, the fiber would be 
moved through the former during washing and 
would buckle, forming a loop or loops. When the 
arrowhead pointed the other way, the fiber could 
be moved through the partial entanglement during 
any time when temporary deformation of the 
fabric left the fiber slack, but it could not return 
to its original position on release of the fabric. It 
would then become taut and would tend to pull 
the fabric structure closer together. Shorter 
considered this tautening of the fiber to be the 
basic cause of felting. 

Such a taut region can be seen in the portion BC 
of the fiber shown in Figure 2. (The position of C 
is rather indefinite and changes with degree of 
washing.) 
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All the main features of Figure 2 can be inter- 
preted easily and selfconsistently in terms of 
Shorter’s theory. It is first necessary to know 
which is the root end of the fiber. This could not 
be determined directly, since the fiber had to be 
dissected out of the fabric for the determination, 
and before this was done washing had unfortunately 
been carried so far that the particular fiber could no 
longer be recognized. It is, however, obvious 
from the way in which the loops grow in the region 
AB, with no movement of the fiber through the 
point A, that the fiber is moving through B towards 
A. The end nearer A must therefore be the root 
end. Shorter’s theory can now be applied as 
follows. 

There is a complete entanglement at A (no 
movement) and a partial entanglement at B. 
Movement of the fiber through B towards A 
produces characteristic buckling and looping of 
the region AB. There is a complete entanglement 
at C, so that the region BC is pulled taut after the 
fiber has moved through B. At the stage of 
Figure 2d the region BC is beginning to show an 
increase in undulation of short wavelength; this 
may be due either to loosening of the complete 
entanglement at C or, more probably (since no 
heavy looping develops), to shrinkage of the fabric 
in which BC is embedded, produced by the tauten- 
ing of other fibers. The region CD retains its 
“unwashed” shape until a late stage in washing. 
This suggests that there are several complete 
entanglements in this region of the fiber. The 
heavy looping of the region beyond D indicates 
that there are no complete entanglements in this 
length. 

Some examples of loops observed in other fibers 
are shown in Figure 1. The first loop of Figure la 
is a particularly common type in this fabric and is 
exactly what would be produced initially by a 
complete entanglement at the foot on the rootward 
side and a partial entanglement at the other foot. 
Shorter considered that the loops themselves did 
not directly cause any shrinkage, but further 
consideration of this point appears to be necessary ; 
the incipient entanglements shown in Figures ic 
and td suggest that in the later stages of felting 
the loops may be directly responsible for some 
holding of the fabric in a deformed and shrunken 
state. 

Martin considered that the free root ends of the 
fibers played an important role in felting by mi- 
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grating through the fabric during washing and 
locking any bent or looped fibers into their de- 
formed shapes. This may be so in woolens, where 
free ends are more numerous. There is no indi- 
cation that the mechanism contributes much to 
felting of the worsted fabric studied here, in which 
free ends are infrequent. The threading of a free 
end through a loop has been observed only once 
in this fabric, and then the end was not gripped by 
the loop. Admittedly, events involving two fibers 
will be seen 70 times less frequently than equally 
numerous events involving one fiber, since only 
the red fibers are visible. Nevertheless, since 
nothing which looks at all like Martin’s pictorial 
illustration of his theory has been seen, whereas 
almost every fiber illustrates Shorter’s mechanism, 
it seems unlikely that the former mechanism can be 
of much importance in this fabric. 

One of Martin’s strongest arguments for the role 
of the free root ends was based on the effect of 
removing the frictional difference from either the 
root ends or the tip ends of wool fibers before they 
were spun into yarn. The shrinkage of the fabric 
made from this yarn was greatly reduced when the 
root ends only were treated, but not when the tip 
ends only were treated. Martin considered that 
this showe1 the importance of the free root ends 
in felting, but in fact the observation can be 
equally well explained on the basis of Shorter’s 
theory as follows. 

When Martin’s treatment is applied to either 
end of a lock of wool, a considerable length of each 
fiber must lose its frictional difference, since in the 
first stage of the treatment the end is dipped into 
bromine water, which will be drawn up the fibers 
by surface tension. Complete entanglements are 
still possible over the treated length, but partial 
entanglements, in Shorter’s sense, are not. When, 
therefore, the tip end is treated, it is still possible 
to have a complete entanglement at this end of the 
fiber and a partial entanglement at the other (root) 
end, and the whole length of the fiber can become 
taut as described above. When, however, the root 
end is treated, no partial entanglement is possible 
on the treated length; one can be formed at the 
rootward end of the untreated length, but then a 
much shorter length of the fiber is available for 
tautening. It is obvious that the fabric will shrink 
more in the former case, just as Speakman, Stott, 
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and Chang [9] found that a fabric made from long 
fibers shrank nearly twice as much as a similar one 
made from the same fibers cut to rather less than 
half their original length. 


Conclusions 


Felting in the worsted fabric studied begins with 
small longitudinal movements (of the order of 1 
mm.) of lengths of an inch or so of individual 
fibers. As these continue, loops are formed in 
some portions of the fibers and other portions 
become taut. At this stage, felting in the macro- 
scopic sense begins. From here on, Shorter's 
theory of felting, based on the occurrence of 
“partial’”’ and “‘complete’’ entanglements, describes 
the observed happenings very closely; it may be 
extended to allow for entanglement of the loops. 
There is no evidence that Martin’s theory, which 
is based on the action of free root ends, is applicable 
to this particular fabric, and some of his obser- 


vations may be explained in terms of Shorter’s 
theory. 
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Effects of Roller Ginning and Saw Ginning on 
Pima S-1 Cotton 


John J. Brown, Nathaniel A. Howell,' and George F. Ruppenicker, Jr. 


Southern Regional Research Laboratory?, New Orleans, Louisiana 


Abstract 


A pilot plant evaluation was made to compare the effects of roller ginning and saw 
ginning on the fiber, yarn, and fabric properties and processing performance of Pima 
S-1 cotton. Combed and carded yarns made from roller- and saw-ginned cotton and 
sewing thread and fabric made from combed lots of each stock were evaluated. The 
fabrics were compared in the grey and after finishing (singeing, mercerization, scouring, 
bleaching, dyeing, and Sanforize treating). 

It was found that, within the limits of this study, the general processing efficiency 
of the roller-ginned cotton was better than that of the saw-ginned cotton. The method 
of ginning had no appreciable effect on the strength, uniformity, or elongation at break 
of combed yarns, but carded yarns spun from roller-ginned cotton were significantly 
stronger than those spun from saw-ginned stock. Combed yarns spun from the roller- 
ginned cotton were better in appearance than those spun from the saw-ginned stock. 
There were no significant differences in the physical properties of sewing thread pro- 
duced from combed saw- or roller-ginned cotton. Fabrics produced from combed 
cotton ginned by both methods were approximately equal in tearing strength, but the 
saw-ginned cotton produced fabric that, in some cases, had a lower elongation and 
breaking strength. There were no significant differences in abrasion resistance between 
the fabrics before finishing, but the results for abrasion resistance of the finished fabrics 
were inconclusive. The fabric woven from the saw-ginned cotton contained consider- 
ably more neps than that woven from the roller-ginned cotton. 

Since this type of cotton is generally used for the production of fine quality yarns 
and fabrics, it was concluded that saw-ginned extra long staple cottons would not be 
suitable for these uses. Also, due to the greater amount of waste during processing and 
poorer spinning performance of the saw-ginned cotton, processing costs would be higher 
and possibly offset any savings in ginning costs. 


Introduction in this country, where a supply of low-cost labor is 


i not available. If Pima S-1 cotton could be saw 
In a previous evaluation of extra long staple cot- ; ; . ‘ 
; ; ns : ginned without adverse effects on its processing 
tons, it was found that American grown Pima S-1 ai . acl Tae : 
at. efficiency and product quality, a significant savings 

produced stronger and more uniform yarns than 


Egyptian grown Karnak [4]. Nevertheless, Kar- 
nak has had a competitive price advantage over 


in ginning cost would result that would permit this 
domestically grown cotton to compete more effect- 


ively with imported extra long staple cotton and 
American-Egyptian cotton in this country during possibly enter markets where extra long staple cot- 
past years, although the situation was altered tem- tons are not now used. 
porarily by the Egyptian crisis. Most extra long This report presents the results of an evaluation 


staple cotton is now ginned on roller gins because it of the effects of roller ginning and saw ginning on 
is generally believed that saw gins damage long, _ the fiber, yarn, and fabric properties and processing 
fine-fibered cottons. Roller ginning is much slower performance of a Pima S-1 cotton. Combed and 
and more expensive than saw ginning, particularly carded yarns made from roller- and saw-ginned 


cotton and sewing thread and fabric made from 
' Present address: Chemstrand Corp., Pensacola, Florida. 
2One of the laboratories of the Southern Utilization Re- : . 
search and Development Division, Agricultural Research fabrics were compared in the grey and after 
Service, U. S. Department of Agriculture. finishing. 


combed lots of each stock were evaluated. The 





May 1959 


Materials and Methods 
Test Cotton 


The test cottons used in this evaluation were fur- 
nished by the Cotton and Cordage Fibers Research 
Branch, Crops Research Division, ARS, and ginned 
by the U. S. Southwestern Cotton Ginning Research 
Laboratory. They were hand picked and con- 
sisted of approximately 250-Ib. lots of roller- and 
saw-ginned Pima S-1 cotton. The roller gin was 
adjusted to conventional settings, and the cotton 
was ginned under normal ginning operations. The 
saw gin had no special adjustments or alterations 
and was operated as it would be normally in ginning 
Upland cottons. Both the roller- and saw-ginned 
cottons were derived from seed cotton which was 
grown in the same field under uniform soil and 
cultural conditions. 


Processing and Testing Procedures 


The roller- and saw-ginned cottons were processed 
alike on conventional equipment into carded and 
combed yarns. The combed yarns were subse- 
quently woven into fabric. One combed sewing 
thread construction was also made. The processing 
organization used is outlined in Figure 1. 

Evaluations at the card were made at carding 
rates of 4, 6, and 8 lb./hr. with nep counts and 
waste determinations being made for each rate. 
Nep counts [3] were made after 2 lb. of stock had 
been carded and again at the end of the run, with 
24 Ib. of cotton being carded for each test. Two 
templates were taken from each side and the middle 
of the card web; the results, exoressed as neps per 
grain, were based on an average of six boards. 

Single strand yarn strength, elongation, and vari- 
ability of strength (% C.V.) values were obtained 
from tests made on a Uster*® automatic single strand 
tester. Twenty breaks were made from each of ten 
bobbins for the 80/1 (i.e., 200 breaks for each test) 
and twenty breaks from each of seven bobbins for 
the 40/1 and 37/3 (i.e., 140 breaks for each test), 
using a 50-cm. gauge length, a constant rate of 
loading, and an average 10 sec. to break. Yarn 
uniformity was measured with an Uster*® evenness 
tester equipped with a quadratic integrator, using 
a material speed of 4 yd./min. Twenty samples 


’ The use of trade names does not imply their endorsement 
by the Department of Agriculture over similar products not 
mentioned. 


for each evenness test were used. 
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Skein strength 


determinations were made on a pendulum-type 


tester of 0-150 Ib. capacity. 


ASTM methods were used to determine all fiber 
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properties [1c-i_] and knot and loop strength values 
for the sewing threads [1b]. Yarn appearance 
was also graded in accordance with ASTM pro- 
cedures [1a ]. 

The fabrics were tested in accordance with Fed- 
eral Specifications, Textile Test Methods, CCC-T- 
191b, for warp and filling breaking strength, using 
strips ravelled to 136 ends by 60 picks [6b ]; tearing 
strength by the pendulum (Elmendorf) and tongue 
methods [6c, d]; abrasion resistance by the flexing 
(Stoll) method using a flex bar load of 4 lb. and a 
pressure plate load of 1 lb., and by the inflated dia- 
phragm (Stoll) method using a multidirectional rub- 
bing action [6e, f]; and crimp in yarn from fabrics 
by the load-elongation method [6a ]. 

Differences in yarn and fabric properties were 
tested for statistical significance. In all cases 
where significance is mentioned, the differences 
were significant at the 95% probability level. 


Discussion of Results 
Effect of Ginning Method on Fiber Properties 


The fiber properties of the roller- and saw-ginned 
cottons are shown in Table I. It was noted that, 
although the cottons ginned by the two methods 
were similar in most fiber properties, the roller- 
ginned stock had a slightly longer mean length and 
better length uniformity as measured by both the 
Suter-Webb and Fibrograph methods. 

A grade comparison was difficult to make because 
the saw-ginned stock was graded on the basis of 
Upland cotton standards while the roller-ginned 
cotton was graded by American-Egyptian cotton 
standards. Generally, however, it can be said 
that the roller-ginned stock was slightly better in 
grade and preparation. The observed differences 
in fiber properties and grade were ascribed to the 
different methods used to gin the two lots of Pima 
S-1. 


Effect of Ginning Method on General Processing 
Behavior 


The overall processing behavior of the two cot- 
tons is expressed in terms of waste, neps, and ends 
down in spinning. Table II shows the waste deter- 
minations for each method of ginning from opening 
through combing. More waste was removed from 
the saw-ginned stock than from the roller-ginned 
stock, most of this difference being in the flat strips 
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TABLE I. Fiber Properties of Roller-Ginned and 


Saw-Ginned Pima S-1 Cotton 


Roller- 
ginned 


Saw- 


Fiber property ginned 





Mid. Lt. Sp. 


Grade* 
Length 
Classer, in. 13 13 
Array, Suter-Webb method 
U.Q., in. 1.41 
Mean, in. F 57 
C.V., % 28 
Fibers } in. and less, % % 6.0 
Fibrograph method 
U.H.M., in. 1.33 
Mean, in. RY. 1.09 
U.R., % 82 
Fineness 
Linear density, Suter-Webb 
method, yug./in. (millitex)t 3.1 (120) 2.9 (113) 
Micronaire reading 3.5 3.6 
Specific area, Arealometer 
method, mm.?/mm.? 
Maturity 
Sodium hydroxide method, % 
Arealometer ‘“D” 
Strength 
Pressley 
Zero gauge, Ib./mg. (g./tex) 
} in. gauge, Ib./mg. (g./tex) 
Stelometer 
} in. gauge, g./tex 
Elongation 
Stelometer 
} in. gauge, % 


Grade 2 


* Saw-ginned sample graded by Upland cotton standards; 
roller-ginned sample graded by American-Egyptian cotton 
standards. 

¢t Wherever applicable, the fiber or yarn number in ‘“‘tex"’ 
is given in parentheses (tex = grams/kilometer). 


at the card. It was also noted that the percent 
noils removed by the comber, using the same set- 
tings, was about equal for both cottons, indicating 
that the differences in mean length and fiber length 
distribution of the two lots of cotton were too small 
to cause a significant difference in the amount of 
noils removed. 

Table III shows a comparison of the neps formed 
at the three carding rates. The roller-ginned stock 
produced a card web having fewer neps than the 
saw-ginned stock for all three carding rates. It 
was assumed that many of the excess neps in the 
web of the saw-ginned cotton were formed at the 
gin, and this was verified by a visual comparison of 
raw stock samples of each cotton. 

An evaluation was made of the spinning perform- 
ance of the 80/1 yarns spun from combed and 
carded lots of both the roller- and saw-ginned cot- 
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TABLE II. Summary of Waste Data (%) for Roller-Ginned 


and Saw-Ginned Pima S-1 Cotton 


Process Roller-ginned 


Saw-ginned 





Opening and picking* 1.52 1.64 
Carding rate, 


Ib./hr. 


Carding rate, 
Ib./hr. 





4 6 4 6 
Carding* 
Flat strips 
Cylinder and doffer 
strips .64 1.20 
Motes and fly 72 - 75 


Sweeps 19 ; 23 


4.97 5.87 





Total card waste 6.52 8.05 

Total opening, picking, 
and cardingt 

Comber noils* 

Total opening, picking, 
carding, and 
combingt 


7.94 
10.10 


9.56 


17.24 


* Based on net weight fed at process. 
t Based on weight fed to bale breaker. 


TABLE III. Effects of Carding Rates on Nep Formation of 
Roller-Ginned and Saw-Ginned Pima S-1 Cotton 


Carding rate, lb. /hr. 





6 





Sample 


(Neps per grain) 


Roller-ginned 
After 2 Ib. 1.9 ae 
After 24 Ib. 3.3 7.3 

Saw-ginned 

After 2 Ib. 

After 24 Ib. 


10.2 
11.3 


10.7 
15.8 


tons. The evaluation was limited to 4000 spindle 
hours of running time on each lot at 9100 r.p.m. 
spindle speed with a 13-in. ring diameter. The 
combed roller-ginned cotton had an average of 14 
ends down per thousand spindle hours and the 
carded roller-ginned 16, as compared to 23 for the 
combed saw-ginned and 31 for the carded saw- 
ginned stock. These results indicate that the 
roller-ginned stock spun more efficiently than the 
saw-ginned cotton. 


Effect of Ginning Method on Sewing Thread Properties 


Since one of the major end uses of long staple 
cotton is in sewing thread, it was considered de- 
sirable to make one construction of sewing thread 
for test purposes. The construction selected was a 
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TABLE IV. Properties of a 37/3 (tex 16 X 3) Combed 
Sewing Thread Made from Roller-Ginned and 
Saw-Ginned Pima S-1 Cotton 


Grey Finished* 





Roller- Saw- 
ginned ginned 


Roller- Saw- 
ginned ginned 


Thread property 


Single strand strength, oz. 45.8 45.5 47.4 48.0 
Elongation, % 9.8 9.7 6.0 6.0 
Knot strength, Ib. 2.5 2.5 5.0 4.8 
Loop strength, Ib. 5.5 5.6 5.4 5.3 
Sewabilityt — -— 82 83 
Slip at 5 lb.t 

Minimum - - 14} 14 

Maximum - 18} 173 

Average 16.0 15.2 

* Glazed finish. 

{t Wt. in oz. applied to tension disk on sewing machine 
before thread broke. Standard is 78 for this type of thread. 

tA measurement of the evenness of flow of the thread 
through weighted sewing machine tension discs. Standard is 
15 for this type of thread. 


37/3 thread having 22.2 turns per inch of “S” 
twist in the single and 18.4 turns per inch of “Z”’ 
twist in the ply. The finishing treatment, which 
included singeing and glazing, was applied by a 
sewing thread manufacturer. The thread was 
tested in the grey and also after finishing; results 
are shown in Table IV. There were no significant 
differences in breaking strength, elongation, and 
sewability between the thread made from the 
roller-ginned stock and that made from the saw- 
ginned stock. A visual comparison of the two 
samples of thread disclosed no apparent difference 
in appearance. 

and Fabric 


Effect of Ginning Method on Yarn 


Properties 


Another of the major end uses of long staple cot- 
ton is the manufacture of fine printcloth and broad- 
cloth. A ‘‘semi-broadcloth” fabric of 136 XK 60 
construction weighing approximately 3.46 oz./ 
sq. yd. in the grey was made for evaluation pur- 
poses. A finishing treatment which 
singeing, mercerization, bleaching, 


included 
dyeing, and 
Sanforize treatment was applied by a commercial 
concern. 

Plied yarns were used in the warp so that the 
grey test samples would be in the raw cotton form 
without sizing. The 80/2 warp yarns were made 
using a 3.75 twist multiplier for both single and ply 
yarns, and the 40/1 filling yarns were spun using a 
3.50 twist multiplier. 
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A comparison of the combed and carded yarns 
spun from the roller- and saw-ginned Pima S-1 
cotton is shown in Table V. The method of gin- 
ning had no appreciable effect on the strength, 
uniformity, or elongation of the combed yarns. 
Carded yarns spun from roller-ginned stock were 
significantly stronger than those spun from saw- 
ginned cotton, but there were no real differences in 
the uniformity or elongation of these yarns. Both 
combed yarns were stronger and more uniform than 
the corresponding carded yarns. Combed yarns 
spun from the roller-ginned stock were better in 
appearance than those spun from the saw-ginned 
cotton. 

A comparison of the physical properties of the 
fabrics woven from the combed yarns, in both the 
grey and finished state, is shown in Table VI. The 
data show that the texture and weight of the 
fabrics are the same for all practical purposes. It 
was decided not to weave the carded yarns into 
fabrics because of the poorer quality of these yarns. 

Generally, the method of ginning had little effect 
on the physical properties of the fabrics. Although 
the fabric woven from the saw-ginned cotton had a 
significantly lower breaking strength and filling 
elongation in the grey, there were no significant 
differences between the grey fabrics woven from 


TABLE V. Properties of Combed and Carded Yarns Spun 
from Roller-Ginned and Saw-Ginned 


Pima S-1 Cotton 
Combed Carded 


Roller- Saw- 
ginned ginned 


Roller- Saw- 
Property ginned ginned 
Skein break factor 

40/1 (tex 15) 

80/1 (tex 7.5) 

Single strand break factor 
40/1 422 : 398 368 
80/1 : ; 327 320 

Single strand C, V., %* 

40/1 
80/1 

Evenness C. V., %t 
40/1 
80/1 

Elongation at break, % 

40/1 52 
80/1 5.68 

Appearance 
40/1 B+ 
80/1 B-— 


3112 
2416 


2885 
2348 


14.2 14.8 
19.6 18.1 


D+ 


* Coefficient of variation calculated from single strand 
breaking-strength values by statistical methods. 
t Yarn uniformity as measured by the Uster evenness tester. 
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the two cottons in tearing strength, abrasion resist- 
ance, or warp elongation. After finishing, there 
were no significant differences between the fabrics 
in tearing strength, breaking strength, or elonga- 
tion. The results for abrasion resistance of the 
finished fabrics were inconclusive. There was no 
significant difference in flex abrasion resistance 
fillingwise between the finished fabrics, but the 
fabric made from saw-ginned cotton was signifi- 
cantly better in this property warpwise. The flat 
(multidirectional) abrasion resistance of the finished 
fabric made from roller-ginned cotton was better 
than that of the fabric made from saw-ginned stock. 

The fabrics were finished using a dye chosen 
specifically to “show up” neps. It was apparent 
from a visual inspection of the finished fabrics that 
the fabric woven from the saw-ginned stock con- 
tained more neps than that woven from the roller- 
ginned cotton. Samples of the grey fabrics were 


also.dyed using a differential dyeing technique [5 ]. 


This method: of dyeing clearly showed that the 


TABLE VI. Properties of Fabrics Woven from Combed 
Roller-Ginned and Combed Saw-Ginned 
Pima S-1 Cotton 


Finished* 


Saw- 
ginned 


Grey 


Roller- Saw- 
ginned ginned 


Roller- 
Fabric property ginned 
Threads per inch 
Warp 133 131 134 134 
Filling 62 62 63 61 
Weight, oz./sq. yd. 3.48 3.46 3.57 3.57 
Tearing strength, lb. 
Tongue 
Warp 9.3 
Filling 6.0 
Elmendorf 
Warp 7.9 
Filling 3.9 
Breaking strength,f lb. 
Warp 
Filling 
Elongation at break, ‘ 
Warp 
Filling 
Crimp in yarns from 
fabrics, % 
Warp 8.1 
Filling 1.6 
Abrasion, cycles 
Flex 
Warp 3734 3490 : 398 
Filling 1656 1780 200 232 
Flat (multidirectional) 118 110 130 91 


* Singed, mercerized, bleached, dyed, and Sanforized. 
+ Ravelled strip method using a thread count of 136 X 60. 





May 1959 


fabric produced from the saw-ginned cotton had 
more neps than the fabric woven from the roller- 
ginned stock. 


Summary and Conclusions 


In general, the results of this study showed that 
the rofler-ginned cotton processed more efficiently 
and produced yarns and fabrics of better quality 
and appearance than the saw-ginned cotton. Since 
this type of cotton is generally used for the produc- 
tion of fine quality yarns and fabrics, it was con- 
cluded that saw-ginned extra long staple cottons 
would not be suitable for these uses. Also, due to 
the greater amount of waste during processing and 
poorer spinning performance of the saw-ginned cot- 
ton, processing costs would be higher and possibly 
offset any savings in ginning costs. 


1. The roller-ginned cotton was better in grade 
and preparation and had a slightly longer fiber 
rnean length and better length uniformity than the 
saw-ginned stock. 

2. More waste was removed from the saw-ginned 
cotton during processing. 

3. The roller-ginned cotton spun more efficiently 
than the saw-ginned stock in terms of ends down 
per thousand spindle hours. 

4. The method of ginning had no appreciable 
effect on the strength, uniformity, or elongation at 


break of combed yarns, but carded yarns spun from 


roller-ginned cotton were significantly stronger than 
those spun from saw-ginned stock. Combed yarns 
spun from the roller-ginned cotton were better in 
appearance than those spun from the saw-ginned 
stock. 

5. There were no significant differences in the 
physical properties of sewing thread produced from 
combed saw- or roller-ginned cotton. 

6. Fabrics produced from combed cotton ginned 
by both methods were approximately equal in 
tearing strength, but the saw-ginned cotton pro- 
duced fabrics that, in some cases, had a lower 
There were no 
the 


elongation and breaking strength. 


significant differences in abrasion between 
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fabrics before finishing, but the results for abrasion 
resistance of the finished fabrics were inconclusive. 

7. There were more neps present in the saw- 
ginned than in the roller-ginned cotton at the card. 
Fabric made from combed roller-ginned had fewer 
than that 
cotton. 


neps made from combed saw-ginned 
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X-Ray Diffraction Patterns of Cotton At and Between Reversals 


The Ahmedabad Textile Industry’s 
Research Association 

Ahmedabad, India 

December 15, 1958 


To the Editor 
TEXTILE RESEARCH JOURNAL 
Dear Sir: 


It is well known that cotton fibers contain 
“‘structural reversals,”’ i.e., regions in which the 
direction of the spiral fibrils undergoes an abrupt 
change from left-hand to right-hand twist or vice 
versa [1]. At a structural reversal, therefore, the 
fiber should possess a high degree of orientation and 
perhaps of crystallinity as well. One way of study- 
ing this difference is to examine the x-ray diffrac- 
tion patterns of a single cotton fiber at suitable 
locations along the fiber. This has been done, 
using a Norelco microcamera with a 100- pinhole 
and with selected thick-walled cotton fibers having 
cross-sectional diameters of 15-20 uy. 


Fig. 1. (a) X-ray diffraction pattern of a cottom fiber 


reversal; (b) x-ray diffraction pattern of same fiber between 
reversals. 


Figure 1a shows the x-ray diffraction pattern ob- 
tained by centering a reversal in front of the micro- 
camera pinhole. Figure 1b is the pattern from the 
same fiber when the x-ray beam fell on a spot about 
0.1 mm. away from the reversal. These pictures 
are typical of the diffraction patterns which are 
obtained “at’”’ and ‘‘between’’ reversals. They 
provide x-ray corroboration of the inference which 
can be made from optical evidence that structural 
reversals are regions of high longitudinal order. 
Unfortunately, the present microcamera technique 
is not sufficiently refined to permit quantitative 
evaluation of the fiber crystallinity. It has been 
postulated from other evidence [2] that the rever- 
sals are also regions of higher crystallinity than the 
remainder of the fiber. Visual inspection of the 
x-ray photographs taken in this study indicates 
that this might very well be the case. 

We are grateful to the Council of Administration 
of the Ahmedabad Textile Industry’s Research 
Association for 


permission to 


publish these 


observations. 
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